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SECOND REPORT UPON THE EXAMINATION OF 
SOURCES OF WATER SUPPLIES; 



The Board has rtfoent]; published in separate form a preliminary 
report upon the *' Examination of Sources of Water Supplies/' to which 
attention was called in the last report The investigation last year was 
confined to the Scioto, Olentangy and Mahoning rivers. During the 
present year the Board has bad under observation the Maumee and San 
dusky rivers and their branches. Stations for observation were- estab- 
lished as follows : On the Maumee river, Findlay, Lima, Ft. Wayne, 
Indiana, Defiance, Napoleon and Toledo. On the Sandusky river: 
Crestline, Bucyrus, Upper Sandusky, TiflBn, Fremont and Sandusky. 
Chemical and bacteriological examinations have been made monthly, 
commencing in June, of these streams above and below the stations 
named above. Arrangements have been made for the daily measurement 
of these streams, with the cooperation of the Division of Hydrography 
of the United States Geological Survey. Daily measurements are also 
being made of the Scioto and Olentangy rivers. The stations Are located 
as follows: On the Sandusky, at Mexico and Fremont; on the Maumee, 
at Waterville; on the Olentangy, the Fifth avenue bridge, Columbus; 
and on the Scioto, the Grandview bridge, Columbus. 

Accurate determinations of the daily volume of flow of our Oldo 

streams will afford information of much value, affecting sanitary as well 

as other interests. These observations are to be continued for several 

years, and, with others, will afford a basis in connection with rainfalls to 

. compute the flowage of all our streams. 

Further on will be found a detailed report of the results of the chem- 
ical and bacteriological examinations, and of the v&rious sources of pol- 
lution upon the two watersheds under examination, with other matters 
of interest bearing upon the condition of the two strf ams — the Sandusky 
and Maumee rivers. 
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SUMMARY. 



SANDUSKY RIVER. 

The results of examinatiocs of pamples of river water, and the re- 
port of the engineer of bis inspection of the watershed, show there is » 
serious pollution of this river at many points along its course. Begin- 
ning at Crefitline we find one of the upper branches of the river badly 
polluted by the sewage of that city. Complaint is already made ot the 
nuisaace thus created, and the near future will doubtless witness de- 
mands upon Crestline to care for its sewage in a proper manner. 

At Bucyjus we find an exceedingly bad state of affairs. ' The river 
in the village, and for some distance below, during dry weather is a foul, 
stinking stream ; an unbearable nuisance, outraging many people com- 
pelled to live within its disease-breeding influence. The State Board of 
Health has refused to allow Bucyrus to construct additional sewers to 
discharge into the river, but the city should be compelled, and without 
delay, to remedy this evil by the construction of sewage purification 
works. 

The public water supply of Bucyrus is badly polluted, and fortunately 
is held in such low esteem as to be but little, if at' all, used for domestic 
purposes. The filters in use afibrd no adequate purification of the 
supply. 

At Upper Sandusky the river, whioh has not recovered from its 
gross pollution, at Bucyrus, is again used to receive sewage. While 
the conditions here are not nearly so bad as at Bucyrus, any increase in 
the amount of sewage of Upper Sandusky will create a serious nuisance. 

The water supply of Upper Sandusky is in part derived from the 
river, 24 miles below Buc]^rus, the point of maximum pollution. That 
this is a safe supply no one would maintain. The city should at once 
begin a systematic search lor additional ground water, and failing to find 
it, should make provision for proper purification of all river water used. 

Tiffin, the largest city directly upon the Sandusky river, is thickly 
built up along both banks of the river. Sewage is discharged into the 
river at various points within cit}' limits. A low dam just below the 
city maintains, most of the time, a shallow depth of water over the river 
bed, which is quite wide at this point. The pollution of the river has 
been the cause of much complaint, though this has been less for the last 
two years, greater attention during this time having been paid to keeping 
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a fair depth of water over the river bed. The time cannot be far distant 
when Tiffin will be forced into giving attention to the question of sewage 
purification. 

The water supply of Tiffin is taken in part from the river. While 
there are no nearby isourceB of pollution of the river at this point, the 
examinations show that it is far from, a desirable supply. The 'Water 
Works Company's claim that they cin,' by changing their pumping 
arrangements, furnish an adequate quantity fiom their deep Wellp, should 
be put to the test at once. 

Fremont looks to the Sandusky river for a part of its water 
supply. Being but 23 miles below Tiffio, a city of 14,000 people, and 
discharging all its sewage into this river, the supply gannot be regarded 
as a safe one. Evidence of this sewage pollution is clearly given by the 
chemical and bacteriological examinations of the river water at this 
point. Fremont should persevere in her attempt to obtain the entire 
water supply from deep wells. 

The conditions threatening the water supply of Sandusky deserve 
serious consideration. Thid city, of over 20,000 people, is built along 
Sandusky bay. The bay receives whatever filth remains in the Sandusky 
river, poured into it by the cities along its course, as noted above In 
addition it receives all of the sewage of Sindusky^ The bay is shallow, 
and at the water works crib, 1,200 feet from the shore line, is only 
seven feet deep. The lake current?, when the wind b)ow^ from a certain 
point, carry sewage polluted water to the intake. The supply can scarcely 
escape pollution at times. Sandusky should go to Lake Erie, beyood 
sources of pollution, for a new water supply, or should adequately purify 
the present supply. • 

MAUMEE RIVER. 

The Maumee river is less seriously polluted than the Sandusky, 
although some of its tributaries have become very foul in dry weather. 

Perhaps the worst place to be found is at Findlay. This is a city of 
about 20,000 persons, located on the Blanchard river. One of the main 
sewers discharges into the river near the central part of the city, and in 
summer produces a pollution of the river which has already caused suits 
to be brought for damages. A part of the sewage goes into Eagle creek, 
which is also badly polluted. The conditions at Findlay demand early 
attention. The river flow is much too small to receive the sewage oi the 
oity^ and sewage disposal works should be constructed without delay. 

The water supply of Findlay is taken from the Blanchard river, with 
some attempt at purification. The supply is not of very good quality, and 
better methods of purification are necessary. 
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Lima, on the Ottawa river, is another example of attempting to util- 
ize a small stream to dispone of the sewage of many people. The condi 
tions here have been somewhat improved by cutting a channel or open 
ditch in the stony bottom of the river, which confines the sewage, in low 
water, and carries it away from the city before decomposition has pro- 
gressed very far. The river, however, is in bad condition, and sewage die* 
posal works will eventually be required. 

Napoleon, on the Maumee river, discharges its sewage into that 
stream. So far no nuisance has been caused thereby. The uppermost 
sewer, however, discharges into the river not far below where water is 
taken from the river for water works purposes. A dam in the river gives 
almost slack water at this point, and during up-river winds the sewage is 
driven above the water works intake. Napoleon's water supply is further 
menaced by the sewage of Defiance, a otty of 9,505 inhabitants, seventeen 
miles above. 

Toledo, a city of about 120,000 inhabitants, at the mouth of the 
Maumee river, discharges its sewage into the river and into Swan creek. 
Complaint has already been made of the pollution of this creek. The 
city obtains its water supply from the river. The Children's Home, and 
several club houses and summer resorts, not more than five or six miles 
abdve the water works intake, discharge their sewage into the river, endan- 
gering, to some degree, the city's water supply. A few miles above these 
sources of contamination are the growing towns of Maumee and Perrys- 
burg. Both places are discussing the question of sewerage, with no other 
practical outlet except the Maumee river. 

To briefly sum up the results of the year's investigation, they show 
conclusively that both the Sandusky and Maumee rivers are already pol- 
luted at many places beyond the limit of safety, and that in no place do 
their waters afford a perfectly safe domestic supply. . 

Following are the reports of the chemist, bacteriologist and engineer: 
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REPORT ON THE CHEMICAL AND BACTERIOLOGI- 
CAL EXAMINATIONS OF THE WATERS OF 
THE SANDUSKY AND MAUMEE 
RIVERS. 



By E. G. Horton, B. S., 
Chemist and Bacteriologist Ohio State Board of Health. 

The eystematic examination of the river waters of Ohio commenced 
in 1897 will extend over a period of several yt-^rs, and, accordingly, it is 
desirable that the work of each year be presented in such form as to 
make the results readily comparable with thoso of the preceding years. 
To this end we have followed in the main the very satisfactory methods 
employed last year by Pro'. N. W. Lord and Dr. A. M. Bleile in 
I heir work upon the Scioto, Olentangy and Mahoning rivers. There is 
however, one marked departure from the preceding work, and one which 
must constantly be borne in mind to avoid confusion. We refer to the 
method of expressing the results. All numeric xl results, except for calcgr, 
dissolved oxygen and bacteria, are expressed in parts per million, and not in 
parts per one hOndred thousand, as in the preceding work. This change 
was made at this time, rather than later, bt cause the growing tendency 
among scientific workers is so strongly in favor of the mora convenient 
milligrams per litre by weight (parts per million) that we believe the one 
method of expressing results will soon prevail. Parts per hundred thou- 
eand should be multiplied by ten before comparison is made with parts 
per million. 

All of the examinations and collections were made by the writer 
The temperature readirg, the test for dissolved oxygen, and the pouring 
of plates for determining the number of bacteria, were made at the river 
bank at the time of sampling. The remaining determinations were made 
in the Laboratory of the Ohio State Board of Health from a bottle of 
water taken at the time of sampling, then securely locked in a wooden 
box prepared for the purpose, and shipped by express to the laboratory. 
These bottles hold about one gallon each and are supplied with ground 
glass stoppers. As soon as the samples reached the laboratory the bottles 
were removed from the wooden boxes and placed in a refrigerator kept 
well supplied with ice. Some criticism has been made because of delay 
which would result from collecting and analyzing of the samples by the 
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same person. While it would have been desirable to have had two work- 
ers on the laboratory staff, y»t the funds at the disposal of the Board 
would not permit such a course. Moreover, ihe delay is not so great as 
it would stem at first thought. Under the most favorable circumstHnces 
samples co'lected in thn forenoon would reach the lab:)ratory too late to 
be examined that day. On the other hand u any ot the samples would 
not reach the laboratory even the next day after collection. By reference 
to last year's report (pag^s 54 59) it will be seen that about one-fourth of 
the samples did not reach the analyst until the second day after their 
collection. In the present work ihe writer was able to complet- the 
trip over either watershed and reach Columbus again on the third even- 
ing. It was actually found that with the same person doing boih collecting 
andanalyz'ngthaififty (50) per cent, of the samples received no delay what- 
ever in beginning of the examination, and that the analysis ot no sample 
was delayed beyond forty-eight hour? from what it would have been with 
an additional person to do the collecting. Furthermore, the research 
work (not yet published) of Mr. P. 0. Clements, Fellow at the Ohio State 
University, 1898 99, shows that the moRt rapid change ie a great increase 
in nitrates. In the majority of the samples in the present report the 
nitrates were not excessive, and when they were it was true of all samples 
regardless of any delay in analysis. We do not claim that some changes 
did not occur, but we do believe that they were not of such moment as 
to materially affect the compirability of results. 

Toe first steps in the analysis were to determine the condition of the 
organic matter present, then the physical characters, chlorine, total nolids, 
alkalinity aiKi incrusting constituents. Before beginning t^ e analjsis of 
a sample, the neck of the bottle was held unr^er the tap to wat-h away any 
dust and then rinsed with distilled water. 

As soon as the examination was completed the botlle was thoroughly 
cleansed and rinsed, atd in addition, before again s'^nding out. the bottles, 
they were rinsed with ammonia free water, and this water was Nesslerized 
to see if any ammonia was present. 

The plan of the work consisted in the cSemical and bacteriological 
examination ot samples taken at regular places in the Sandusky and 
Maumee rivers each month from July to November inclusive. The regu- 
lar places for sampling were chosen above and below the known sources 
of pollution. When any city used the river water for a public supply 
the above-town sample was taken at or near the water works. The series 
of examinations enables us to arrive more correctly at the sanitary value 
of the water supplied in this way to the consumers. 

A comparison of the results below any particular pollution with the 
results obtained above that disturbance shows the extent of the impurity 
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added. On the other hand; a comparison of the results below a pollution 
with the results at the next station down the river shows the amount of 
purification which has taken place. The results yield information upon 
urb&n and rural sewage pollution, spf cific pollutions of various kinds, and 
purification questions. 

METHODS. 

Color. The color was determined by Hazen's platinum cobalt 
method. American C'lemrcal Journal, XIV, p, 300. A solution with a 
color 5 is made by dissolving 1.246 grams of bichloride of platinum and 
potassium in water, adding 1 gram of cobalt chloride and 100 c. c. of con- 
centrated hydrochloric acid, then diluting to 1 litre. From this solution 
weaker standards are prepared and kept in bottles for comparison with 
the water to be examined. A standard of .1 color is obtained by diluting 
the strong solution 1 to 50, .2 by 2 to 50, .3 by 3 to 50, etc. Turbid waters 
were filtered before b^^ing tested for color. The comparison of the water 
.with the standards was made in tall Nessler tubes by lt)okirg through the 
tubes lengthwise against a pure white surface. 

The turhtdity and sediment were determined by inspection of the water 
in the sample bottles after standing over night. The turbidities were 
expressed as follows: None, very slight, slight, distinct, decided, and are 
indicative of the Suspended matter present, chiefly in the form of soil 
(clay) and low forms of animal and vegetable life. Frequently one of the 
most, if not the most objectionable feature of a water, from the consum- 
er's standpoint, is its appearance or turbidity. 

The river waters of Ohio are quite turbid, if the streams under dis- 
cu8<*ion in this rep6rt are representative streams. With the surface waters 
in some sections so badly polluted as to be at least suspicious in character, 
an increased population will necessitate purification plants if the rivers 
continue to be the source of public supply for many of our towns and 
cities. The suspended clay in a water is extremely difficult of removal 
by filtration, and yet is such an important factor in turbidities that it 
makes it advisable to have more expressive terms for turbidities than 
adjectives. 

The sediments were mostly composed of depositions of the larger soil 
particles, higher plant forms, and the remains of decaying organic matter, 
either of vegetable or animal nature. Sediments were spoken of as none, 
very slight, slight, considerable and much. In the tables the expressions 
for turbidities and sediments are abbreviated as follows: Very slight, v.s.; 
slight, s. ; distinct, dis. ; decided, dec; considerable, c; and much, m. 

The odor was determined at room temperature by shaking a partially 
filled sample bottle, which had stood over night, and applying the nose 
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to the m )ath o the bDttle at the momeat the stopper was withdrawn. In 
a few cases the odor Was also taken from some of Che water heated almost 
to boiling in a clean flask. 

The amount of oxygen required was foand by the weH known Kiibel 
process, using 100 c. c. of water and boiling gently for ten minutes. The 
test3 were made in 200 c. c. Erlenmeyer fl isks previously freed from 
organic matter. To the water was added 5. c. c. of 25 percent. H^SO^ (iree 
from organic m itter) and a known amount of the permanganate solution 
(8 to 10 c. c). More permanganate was added if the red color began to 
fade daring boiling. At the end of the ten minutes, exactly 10 c. c. of 
oxalic acid solution was added and the titration completed with the per- 
mangaaate. The amount of permanganate u^ed, less the equivalent of 
the 10 c. c. of oxalic acid, gave the amount of oxygen required. The 
strengths of the permanganate solution and the oxalic acid were as 1 : 1, 
but a titration was made each day they were used to determine exactly 
their relative values. Tenc. c.of the dilute oxalic solution was equiva- 
lt$nt to 1 mg n. of oxygen. The samples were well shaken before the por- 
tion was taken for eximination. . 

The nitrogen in the lorm of free and albuminoid ammonia was deter- 
mined by the Wanklyn procese, as modified by Drown, Hazen and Clark. 
The method is that usei by the Massachusetts State Board of Health, 
report 1890, and by Prof. N. W. Lird, in the work of 1897, for the Ohio 
Board. In brief, it consists in distilling from flasks or retorts containing 
300 c. c. of the sample three distillates of 60 c. c. each for the free ammonia, 
then after the addition of 40 o. c. of alkaline permanganate, five more dis- 
tillates are ob' ained for the albuminoid ammonia. The time of each 
distillate was kept a^ nearly as possible at fifteen mintites. The condens 
ing tubes were kept cold by running water. Tne fl sks, retorts, and con- 
densing tubis were tested in place each time before usiag, to show they 
were free from ammonia. All Nessler tubes were also tested before using. 
The only* acid samples were the August ones from Findlay, and these 
were the only ones made alkaline by the addition of sodium carbonate 
Clean pumice stone, in small granules, previously heated for two hours, 
prevented "bumping." The permanganate was tef-ted in blank when 
made up, then heated to boiling for some minutes before using. It was 
prepared from the cistomary formula, as was the Nessler's re-agent. 
Each preparation of the stock solutions was tested with the preceding, 
and no appreciable variation found. 

Standards were prepared for each day's reading by abiding known 
quantities of an amii)nium chloride solution to 50 c. c. tubes of 
ammonia free water. The standards and distillates, prot-ected from 
coQtamiaatioa, were allowed tp come to a uniform temperature by 
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standing, then Nesslerized and the readings taLen after fifteen minutes, 
when the colors had become constant The Nessler tabes were 300 mm. 
long, with an interior diameter of 18 mm. Distillates rich in am- 
monia were diluted in aliquot parts. When a water was known to be 
impure less than 500 0. c. was tak^n and diluted to that amount with 
ammonia free water. Before taking the portion desired for the examin- 
ation the water in the sample bottle was we'll shaken. 

The determination of the nitrogen as nUfites was made by the Griess- 
Warrington method as described in R^'port of the Massachusetts State 
Board of Health for 1890, (part 2, p. 715). In turbid waters a portion was 
first shaken up with hydrate of alumina, and quickly filtered through a 
paper filter which had been washed free of nitrous acid. In each case 50 
c. c. of the water in question was taken and the test made in tall Nessler 
tubes by comparing the depth of color with that in standards made up 
in similar tubes from nitrite free water and known quantities of sodium 
nitrite. The readings were made thirty minutes after the addition of the 
solutions, the tubes meanwhile having been .protected so as to prevent 
absorption of nitrites from the air or dust. ^ 

The nitrogen as mtrcuies was determined, with slight modifications, by 
the indigo process as given in Sutton's Volumetric Analysis, 7th edition, 
p. 469. . The phenoldisulphonic acid method was not employed as the 
determination of frtrc and albuminoid ammonia is carried on in both 
jooms of the laboratory, thus preventing there the use of ammonia. 
Aluminum foil for the aluminum reduction proceps had been ordered 
but was so long delayed in reachiDg us that the first deter min a' ions were 
of necessity made by the indigo process, and no change wag subsequently 
made. 

Chlorine. The amount of chlorine was found by the well known 
process of titration with silver nitrate, using potaseium chromate as an 
indicator. See Hazen, American Chemical J'/amnt, Vol. XI p 409. B^ank 
determinations furnished the data for correction, for volume and 
quantity of silver chloride. These tests were made by artificial Tght. 
Turbid waters were clarified by shaking with hydrate of alumina. The 
waters were so very high in chlorine that the addition of sodium 
chloride solution was not thought of, and some of the samples were 
diluted. In each cit^e 100 c. c. was ut>ed, and the end reaction found by 
comparison with a prepared fiask containing the same volume. 

Alkalinity. This was determined by the Hehner method of titration 
with one-fifiieth normal sulphuric acid using lacmoid as an indicator. 
Fifty c. c. of the water were heated almost.to boiling for the titration and 
the' results were expressed as calcium carbonate in milligrams per litre. 

The Hehner method was likewise used to determine the mcrii^^n 
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conatitiLenU. See AncUyst, ( Vol. VIII, p. 77.) Ab in the work of last year the 
lack of a sufficient number of platinum dishes necessitated the use of 
porcelain. Blank determinations were tun each time and corresponding 
connections made. To 50 c. c. of the water under examination was added 
a measured amount of a fiftieth normal sodium carbonate solution, and the 
mixture evaporated to dryness. The soluble salts were carefully washed 
through a small filter with freshly boiled distilled water, the filtrate 
titrated with fiftieth normal sulphuric acid, and the difierence between 
this result and the amount from the sodium carbonate in the blank taken 
as representing the sulphates and chlorides of calcium and magnesium 
expressed as calcium carbonate. 

Like P/of. Lord we found the soap test very unsatisfactory for the 
hard waters found in Ohio streams, but the Hehner test yielded excellent 
results. 

Toed solids and loss on ignition. The sample was well shaken, 100 c. c. 
taken, and evaporation to dryness and constant weight efifected. The ig- 
nition was carried as uniformly as possible to a faint visible redness until 
the carbonaceous matter was gone. 

The test for dissolved oxygen was of necessity made at the river bank, 
with strict precautions observed in taking the sample so as to guard 
against error due to increase of oxygen by virtue of bringing the water 
in contact with air through careless manipulation. Winkler's method 
was employed as follows : A narrow neck bottle of known capacity (165.5 
c. c.) with a close fitting ground glass stopper, was immersed in tbe stream 
and allowed to fill, then by means of a rubber tube with one end extend- 
ing to the bottom of the bottle and having at the other end a rubber bulb 
used as a suction pump, a quantity of water, iqual to several times the 
capacity of the bottle, was drawn through the boitle which was kept 
immersed all the time. Finally the tube was withdrawn, the stopper in- 
serted, and the bottle lifted from the stream. With fine pointed pip- 
ettes i c. c. of a clear saturated rolution of manganous sulphate and 1 
c. c. of a potassic iodide solution (100 grams potassic iodide and 360 
grams caustic soda in one litre of water) were successively introduced be- 
neath the surface, and the stopper at once replaced, care being taken to 
include no bubbles of air. "fha bjttle was turned so as to thoroughly 
mix the contents, and then allowed to stand until the precipitate settled. 
Five c. c. of the 25 percent, solution of sulphuric acid was similarly intro- 
duced and the contents again well mixed, when there was set free iodine 
in proportion to the tree oxygen previously in the water. The amount 
of iodine was found by titration against a hundreth normal sodium 
thiosulphate, using starch as an indicator. The titration was made in a 
porcelain cdsserole. The amount of dissolved oxygen was computed 
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from the thioBulphate used, and was expressed in percentage of the' 
amount held by distilled water at that temperature when saturated by 
shaking with air. We used the table for saturations given by Prof. 
Lord's report last year and which is repeated below. 

As in preceding work on streams in this State there were found at 
times, amounts of dissolved oxygen greater than those given in the tables 
for saturation. We believe these high results are reliable, and that their 
occurrence is consistent with the attending conditions. These supersat- 
urations occurred chiefly in July and August, and were doubtless due to 
the oxygen given off by growing plants. In Annuaire de L'Observatoire 
Municipal de Montsouris pour i'an, 1890, we find work which bears out 
the supersaturations we haven^ore recently found. That report, p. 250, in 
speakirg of dissolved oxygen in waters, says, ^' Get oxyg^ne provient de 
I'air dessous dans plus loin, du produit de la nutrition des algues qui 
vivent dans cette eau." On pages 260 and 261 we find a table showing the 
decrease of oxygen in water due to microbic life, and the lollowing table 
showing the increase of free oxygen resulting from the presence of grow- 
ing algae : * 

Ecu de Vftone (contained)- 11.1 milligramidefl. 

'* " apresQ jours 20.2 " 

« " " 60 * 39 7 *• 

The temperature was not given, but the amount of dissolved oxygen 
had increased after nine days to supersaturation if computed in percent- 
age of saturation from the usual tables, and had increased still more at 
60 days. '^Ges r^aultats difi^rentes proviennent de la pllis ou moins 
grande quantity dans It-s eaux de mati^res organic 6es vivantep, les uhes 
chlorophyll6es, les autree non-chlorophyllees, des algues et des bacteries 
par example." That is they found a water containing chlorophyll 
plants as algae increased in its amount of dissolved oxygen, while water 
ricb in bacterial life lost free oxygen on standing. 

Saturation tables are prepared from results obtained by shaking 
watt-r with air, which contains only some 20 per cent, of oxygen. The 
gas given off by algae is nearly pure oxygen, and consequently a water 
would take up about five tioces as much oxygen from it as from the same 
volume of air, temperature and pressure remaining the same. It would 
have been extremely desirable could the waters yielding the higher re- 
sults have been examined biologically, but the demands of the routine 
work permitted no time for even a slight investigation as to the nature of 
the plants occurring in those waters. 
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Qdaktitibb of Dubolyed Oztoxv ni Parts Psb Millioh, by Wxioht, in Watxb 
Satubatsd With Air at the Tehpxraturx Givbn. 

(Millifcrammes per Litre.) 



Temperature G. 


[ ■ 
Oxygen. 


Temperature C. 


Oxygen. 





14.70 
14 27 
18 87 
13 &0 
1816 
12.82 
12 48 
1217 
11.87 
11.58 
11.81 
1106 
10 82 
10.59 
10.36 
10.: 4 


16 

17 


9 94 


1 


9 74 


2 

8 


18 

19 


9.56 
9 37 


4 


20 

21 


919 


5 


8.97 


6 

7 : 


22 

23 

24 


8 84 
8 67 


8 


8 51 


9 

10 i 


25. 

26 


8 35 
8.19 


11 

12 


27 

28 


8,03 
7.90 


13 


29 


7.74 


14 : 


30 


7.60 


15 • ;, 







BACTERIOLOGICAL METHODS. 

It ie a source of regret that we were unable to include in this work a 
systematic search for intestinal bacteria in each sample. It was only by 
earnest work and long hours that the amount of work accomplished in 
the laboratory was attained, and therefore the qualitative examination 
for members of the colon group of bacilli Was of necessity deferred until 
more assistance could be provided. We hope to be able to include in 
future reports information concerning the presence or absence of intesti- 
nal bacteria. Still, as has been said, much can be gained from a knowl- 
edge of merely the number of germs present, and this, when considered 
with the chemical findings, is of great assistance in determining the san- 
itary value of a water. Sudden or great fluctuations in the number of 
bacteria do not come without cause. 

The number of bacteria was determined by the usual quantitative 
method in vogu^, using agar and petri plates. We used the usual nu- 
trient agar, containing 12 grams of agar to the litre. 

The reaction of the culture medium in water aralysis is an item of 
great importance, as frfquently marked variations are obtained in the 
number of bacteria from the same sample when media of different reac- 
tions are employed. In all our work the reaction was 1.5 per cent, acid as 
has been the practice of the writer for the past few years. This reaction 
means that it would require 15 r. c of a normal alkali solution to be 
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added to one litre of the medinm to bring it to the phenolphthalein 
neutral point. This medium then is acid to phenolphthalein and alkaline 
to litmus. Agar was chosen in preference to gelatine, because the 
latter would not stand the heat of our summers, and it was not prao-. 
ticable to maintain the gelktine at a low temperature in the collector'^ 
case while traveling. 

The growths developed at ordinary temperatures, and counts were 
made at the laboratory at the end of three days in hot weather and four 
days in the fall. This was possible, as the length of the trips always per- 
mitted the bacteriologist to bein the laboratory by ihe time the first plates 
were 72 hours old. To avoid bacterial changes in transportation all 
plates were poured at the river bank, and no trouble was found in aocom* 
plishing this satisfactorily. The agar was liquefied in the flame of an 
alcohol lamp, and the tubes placed in a water bath at 42° C. for a few 
minutes. Usually .6 and 1 c. c. were the amounts of water need for the 
plates, but in waters known to be badly polluted, dilutions with sterile 
distilled water were made. Two plates were poured at each station and 
the xrean taken as the final result, the figures showing the number of 
bacteria in 1 c. c. of the original water. 

The pipettes, petri plates and test tubts for taking the samples were 
sterilized at the laboratory before starting on the trip, and no tube or 
pipette was used again until cleaned and resterilized. - 

The plates were placed in pairs in pasteboard boxes made for the 
purpose, while the pipettes were sterilized and carried singly in small 
brass tubes plugged with cotton at either end. 

It is essential in forming an opinion of a river water from the find- 
ings of the chemical and bacteriological analyses to bear in mind the 
effects produced in streams by the addition of rain water. As rains 
occur at irregular intervals and with no uniformity of fall, the time and 
extent of the precipitation must be noticed. In addition to the influence 
of the rain water itself there must be considered a usually more impor- 
tant factor resulting therefrom, viz , the nature of the substances brought 
into the river by the consequent surface washings and the efiect thus 
produced upon the water. 

To this end the following rainfall table has been compiled from the 
monthly reports of the United States Weather Bureau. Thanks are due 
Mr. J. Warren Smith, Director of the Ohio Section, for courtesies ex- 
tended and for the interest shown in making the work of the Weather 
Bureau of .assistance to us by locating observing stations at desirable 
points on the watersheds. 
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The table included the date and the amount of rainfall (when there 
was a precipitation of one- tenth inch or more) for all observing stations of 
the Bureau located upon the areas drained by the Sandusky or Maumee 
rivers Mid their tributaries. The sum of the amounts given^may not 
equal the total for the month, as precipitations of less than one-tenth|of an 
inch have been omitted. 
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KAINFALL TABLE. 



Days ojt Which Onc-TnTH Imoh ob Mobi Buntall Oogitbbbd — Sambuskt 

BiVBB Babut. 



Station. 


6 
fi 


!• 


< 


^ 


C 

1 




j 




1 


1 


u 
u 


15 
16 
1« 
19 
21 
26 
28 
2» 
80 


.10 
.20 
IJOO 
M 
.60 
.10 
.10 
.10 
.26 

£15 

-.1) 


a 

4 

8 
9 
17 
19 
26 


JO 
JO 
.80 
JO 
JO 
JbO 
ZOO 


2? 
28 
24 


.19 
.96 
.21 


•"•••• 


.::::::. 


......... 


:;:E: 


M 




u 


— 


Total ralnlftll by monUit 





4J0 
+1.96 




1J6 
-JO 








Variation fiom the normal at itatlon..... 





— 






Upper Sandniky- ^ ....■ 


8 

14 
15 
17 
IS 
90 
25 
27 
28 


.61 
1X12 
.11 
.42 
.6(i 
.80 
.21 
.16 
JBD 


2 
8 
8 
16 
18 
24 
......... 


.27 

.79 
LOO 
.10 
.9II 
.66 

8.78 
+1J7 


4 

6 
17 
21 
22 
24 
8U 


.92 
.86 
.96 
J7 
20 
.10 
55 


4 
11 
17 
21 
26 


1.66 

.86 
68 
.78 
.27 


6 
9 
22 
96 

29 


J5 

186 


'< ^ ,....„ ^. 


.86 


tt 


JO 


M ^ ,.,.,....,„.,......,„.. 


.25 


Total rainfall by mouthi 

Variation from the normal at station -- 


...M. 


ill 
+.99 


....... 


8j64 
+1.15 


••• 


4.08 
+1.79 


••••—•• 


8J0 

+J6 






Tiffin- 

«• 


17 
2(> 
26 
29 

80 

4 
17 

£ 

24 
26 

28 
90 


.24 
.68 
.1' 
.60 
.29 

2.06 
+U9 


8 
8 
16 
17 
18 
24 


.68 
L18 
1.0H 
1.44 
2.26 


4 
6 
15 
22 
24 
2' 


2J9 
.64 

Jl 
.17 
.29 
J6 

489 
+2J8 


4 
5 
11 
18 
21 
22 
26 
80 


1.54 

ji6 

.48 
.82 
J20 
.58 
JS 
.12 


6 
9 
10 
26 


.47 

1.28 

.61 

J6 


M 
•1 




U 





..M.M. 


Total rainfall by montha 

Vartation from ihe noimal at ttation... 


7.42 
+4JI 





4J0 
+1.70 


2.9T 
-.46 


Vickery ^ «.... 


J2 
260 
.15 
.86 
.23 
.78 
.41 
1.50 


8 
8 
12 
17 
24 


.71 
.60 
.Ih 
1.72 
.28 

SJO 
+ 1.77 


4 
6 
16 
18 
22 
28 
24 


U6 
J6 
J2 
.ICi 
.27 
.6] 
.14 


4 
5 
1] 
18 
21 
2? 
26 


182 
JO 
JO 
.86 
.SO 
.44 
.16 

5.28 
+2JI 


6 
9 
10 

96 


J5 


M ' 

•4 


121 
JO 
.16 


tt 




(1 




M 


........ 


Total rainfall by monthl 

Variation from the normal at itationw... 


6.76 
+266 





199 
+.66 


2.72 
—.49 








Average for whole baala by months .... 

Average variation from normal f jr the 
wtkole baain -....mm 


..*•*.•■ 


4.02 
+2.04 


..■•.•• 


4J2 
+2J6 


....... 


8.27 

+.94 




464 

+2.08 





8j06 





— Ji 
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station. 


t 


^ 


1 


1 


i 


] 


i 


^ 


1 


^ 


Findlay. . 

M 
M 
- -. 

H 
•1 
M 
.. •" 


8 
8 
14 
16 
25 
28 
29 


.19 
.74 
.15 
.82 
.88 
.28 
1.00 


2 
8 
7 
8 
11 
16 
18 
26 


.21 
.11 

1.62 
.15 
12 

162 
.28 

ixn 

6j08 


4 

6 
14 
17 
22 
24 
89 


1.72 
.29 
.84 

.21 
.97 
.10 
.16 

...J.... 


8 

4 
10 

n 

14 
17 
20 
21 
25 


J9 
1.62 
.24 
.18 
.16 
.86 
.86 
.66 


•s 

9 
10 
96 


.67 
.60 

ijoe 

.21 
82 


T«tml rainfftll by montbi........ 


....^. 


8.20 
-.98 


........ 


8.90 




4.04 


........ 


8.18 


VarlatlOB from the Dormal at Btation..... 





+2.81 





+1.62 




+202 





-J» 


Benton Ridge... — „ 

M 

M 


8 
15 
37 
19 
25 
28 
29 
80 
81 


M 
M 
.17 
.11 
.27 
.20 
.61 
.22 
.14 

2.84 

—116 


8 
8 
16 
17 
18 
24 

...... 


.22 
2.00 

.75 
1jO« 

JL6 

.60 


4 
6 
6 
15 
22 
28 
24 


.96 

.18 
.20 
.6M 
.18 
.57 
.*.8 


4 

11 
14 
18 
21 
22 


1.86 
M 
.10 
.86 
.36 
.84 


6 
9 
10 
IS 
26 
28 


.69 

60 
.10 


M 
U 

M 


.20 
.16 


M 




(« 






478 
+1.21 





2.75 





2.89 
+1.04 


2.88 






Variation from the normal atsUtlon.... 


+.67 





-.62 


Ottawa 


16 
17 

28 
29 
80 


.79 
.18 
.12 
.79 
.81 
MB 
.26 


8 
12 
16 
17 
24 


1.89 
.80 
.24 

1.21 
.85 


4 

5 

6 

14 

• 16 

22 

24 

80 


.67 
.12 
.19 
.10 
.11 
.36 
88 
.85 

8.88 


4 
6 
11 
14 
18 
21 
22 
26 


i.n 

.10 
.74 
Ab 
.40 

44 


6 

9 

10 

26 

29 


.47! 
.98 


M ^^^^ ^ ^^ ^^^ ^ _ 

« •••••• •• "•• • ~ 


?5^ 


•1 


.12 


Total rainfall by months........ 

Variation from th% normal at station.... 





8.85 




8.75 





8.71 





2.66 


Van Wert.. «. 

M 

M ,„„,„. ,.,„ ^. 

^ ...............M M..... ........... 

M 


1 


*.*:::." 


8 
16 
17 
29 


1.00 
^4 

1.96 
.24 


4 
5 
6 
22 
28 
24 


.96 
.26 
.64 
.84 
.20 
168 

T04 


4 

22 
80 


.88 
1.28 
.66 

2.76 
+1.88 


5 
9 
10 
26 
28 


.44 

1.40 
.60 
.20 
.20 


U 




Total rainfall by months 


861 
+ 1.28 





2.84 






Variation from the normal at station 





+1.48 








-.66 


Hedges 

M 


8 
24 
27 
28 
80 


Jl 

21 
.28 
.69 
.98 


8 

7 
8 


.48 

.48 
.73 

IM 
-.77 


28 
29 

........ 


1.28 
.28 

1.80 
-.80 


11 
14 
17 
18 
22 
26 


.21 
.19 
.82 
.19 
.18 
.89 


6 
8 
9 
10 
25 
26 
28 


.11 
.81 
.68 


U 


.98 
.10 


;j * ; 


M 
.40 


Total rainfall by months 


2J6 
+ 06 





1.76 





2J7 


Variation from the normal at sUtion.... 





+.88 


+J0 
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SUtlOD. 




. 


<^ 


a 


• 

1 


1 


1 


3 


i 
I 


d 

s 


New Biemen ~ 


i 

17 
18 
19 
25 
28 
80 


.12 
.74 
M 
.86 
.87 
.28 
.81 


i 

8 
8 
16 
18 
29 


10 
.60 
1X0 
14 
.16 
.29 


4 
6 
'i6 


.48 
.19 
.10 


zz 


••— 


..••». 


„^ 


H 





U 








Total rainfAli by monihs. 

Yarifttion from the normal at tUtion..... 


8.S3 
-].20 





%29 
+.02 





.88 
-1.66 





...M... 




MontDeller 

•• * ;;;;;; T 


17 
18 
19 
25 
28 
80 


.96 
.73 
.18 
.77 
2.15 
.72 

5.46 

+2.05 


8 
7 
8 
9 
24 
26 


.17 
.19 
.20 
.16 
.52 
.14 


1 
5 
6 
15 
21 


.11 
.59 
.79 
.47 
\JbO 


11 

19 

M 

80 


140 
.78 
.88 
.54 

.12 

8.22 
+1.61 


5 
9 
10 
11 
26 
29 


.60 
.80 


M 
M 
1- 


.86 
.25 
M 


total rainfall by months. 

VarUtlon from the normal at sUtlon... 


..„.„. 


1.38 
-1.40 


■"-' 


8.46 
-.99 




8.16 


Suborn « •••• 


18 
20 
24 
26 

29 
80 


.48 
.17 

2.06 
48 
.44 

1.03 


8 

4 
8 
9 
24 
25 


.16 
.24 
1.25 
.15 
.45 
.15 


5 
6 
28 
25 
29 


1.00 
.88 

1.40 
.18 

8 41 


1 
81 


.21 
8.65 


5 
8 
9 
10 
28 
26 


.61 


it 


.20 
.94 
.69 
.18 


H 


.22 


Total rainfall by months 

Variation from the normal at etation... 





4.67 


2.50 


8^9 


...... 


ZM 


Fort Wavne ..« 


17 
18 
24 
25 
28 
29 
80 


.45 
.40 
.96 
.86 
.68 
.70 
.81 
'..Am 

4.40 

JI7 

.24 

.98 

1.21 

1.88 

1.11 


2 
3 

8 

* 

1 

9 

19 
25 


.15 
.86 
.99 

...... 

.18 
.81 
.21 


4 
6 
15 
17 
22 
24 
29 


.50 
1.58 
.92 
.19 
,1.16 
Ji'2 
.18 

5.26 


1 
4 
11 
14 
17 
21 
22 
25 
' 80 


.15 
.10 
2.21 
.46 
.44 
16 
.12 
.45 
lb 

Hi 


5 
8 
9 
10 
22 
26 
28 
29 


.78 




.29 


1. 


1.01 


M 


J>S 


" ^ 


M 


.....«- k. 


.15 
JO 


TntAl rftlnfRll bv months. ....,T.-Tt-M..r-r 


5 
9 
10 
26 


ZM 


Variation from the normal at station.... 




Defiance «... 


19 
20 
28 
28 
29 
80 


4 

5 
6 
7 

15 
18 
28 
24 
25 
29 


.25 

.16 
.24 
1.10 
.58. 
.15 
64 
.18 
.86 
.68 

4.92 

+2.41 


1 
4 
11 
18 
21 
22 
25 
26 
30 
81 


.11 
.59 
1.87 
.66 
.20 
.45 

.12 

.20 


M 
1.54 
.66 


«• 


.20 


U 

' ;; r- 




Total rainfall by months 

Variation from tbe normal atstaUon 


5.44 
+1.51 




201 
-.87 







8.80 

+1.84 




8.20 
-.87 



« jfot obUinable after the 16th. 
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-Coneluded. 










Stetion. 







1 


1 


i 

a 


a 


1 


d 

3 


1 


1 


BidgOTlIIe ConieTB......M. ^ 

n 


18 
■ 19 
20 
2ft 
28 
29 
80 


.16 
.41 

.16 
1.14 
.78 
.18 
67 


8 
18 

...... 


.28 
M 

.50 


4 

6 
6 
15 
16 
18 
22 
28 
24 
29 


.28 
.16 
.76 
.40 
.17 
.28 
.21 
.28 
.77 
JB 

8.89 

-To5 


4 
11 
18 
21 
22 
25 
26 


.34 
.90 
.66 

.16 
.46 

.11 

.47 


5 
8 
9 
10 
96 
29 


.69 
.18 
.98 

.77 


M 

II 
« 
II 

M * * 


.27 

.15 






8.44 

-.44 


1.64 
—.74 




^^MM.. 


2.89 
+1U» 


.....M 


2.96 




~"^^ 




Variation from the normal at itatlon..... 








-.64 


Napoleon ^ 


19 
26 
27 
28 

80 


.20 
1.00 

.60 
1.57 

.78 


8 
8 
17 
18 
19 
24 


.28 
.81 
.15 
1.60 
.17 
.18 


4 
5 
6 
14 
22 
28 
24 
29 
80 


.10 
Ij06 
.67 
.28 
.60 
.20 
.46 
.15 

8.96 


4 
11 
18 
21 
26 


.65 
.85 
.58 
.15 
.68 


6 

9 

10 

26 


.52 


II * 

« 


M 
40 


w 




II *" "•*• 




M 
U 




8.09 











• 


....MM. 








Total rainfall bj months 




4.09 





2.71 
+.96 


..MM. 


265 


Variation from the normal at lUtion..... 





+.88 





+1.68 





+1J» 


-JO 


WanMon.......,.M.M 

M 

M 
H 


16 
17 
18 
19 
26 
28 
80 


M 

.10 

1,16 

.60 


8 
7 
8 
17 
18 
24 


M 
.24 
.11 
.22 
.82 
.46 

2.24 


4 
5 
6 
15 
17 
22 
28 
24 
29 


.16 
.19 
.62 
.16 
.12 
.28 
.11 
l.U 
.40 


10 

11 

18 
21 
22 
25 

26 


.17 
1.07 
.61 
.19 
.86 
.84 
.29 


5 
8 
9 

10 
26 

28 


.58 

J2 
L22 
.70 


II 

•1 " " 

II ... - 


.U 

ao 


II •' "—"••••••- «• 

« 


— 




...*.»■ 




Total rainfall by months m 





4.91 


...MM.. 


...M.. 


S.W 


M.. 


3.42 


8J» 


Variation from the normal at station 





+1.16 





-.49 





+ 75 





+1.06 


+.18 


Nea^lii „ 

M 

H " ""' 


16 
19 
26 
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The following general statements were also taken from the monthly 
reports of the United States Weather Bureau, Ohio Section. 

July. The temperature was 2.8^F. above the normal, and the pre- 
cipitation was .40 above the normal. The precipitation in the northern 
section was .73 above the normal. 

August. The temperature was 2.2^ F. above the normal. . The pre- 
cipitation was 1.63 above the normal. 

September. The temperature was 2 6® F. above the normal. While 
the precipitation for the State was .04 below the normal, the northern sec- 
tion gave a precipitation of .12 above the normal. 

October. The temperature was 2.0^F. above the normal, and the 
precipitation was 1.68 above. The excess of precipitation for the north- 
ern section was 1.99. 

' November. Temperature, l.S^F. below the normal. Precipitation, 
.21 below the normal, although the northern section had a precipitation 
.11 above the normal. 

From these sources we derive the following weather history of the 
samples. A precipitation of less than one- half inch in twenty-four hours 
is spoken of as a light rain ; from one-half to one inch as moderate, and 
greater than one inch as heavy. 

SANDUSKY RiVER. 

July samples. These were taken on the 14ih, 15th and 16ih of the 
month, and represent the river after a period of hot, dry weather, as July 
gave an excess of temperature of nearly 3°F. The samples were taken 
after a long drouth, as practically no rain had fallen in July previous to 
the time the samples were taken. The table shows a heavy locaT rain at 
Upper Sandusky on July 14, but the rain fell after our samples were 
taken. ' 

August samples. Taken August 9-11. These again represent exces- 
sive hot weather conditions, but differ from the preceding in relation to 
precipitation influences. On the 3d a moderate rain prevailed over the 
entire watershed, while the 8ch and 9th gave moderate rains at Bucyrus 
and Vickery, with heavy rains at Upper Sandusky and Tiffin. Little in- 
fluence would be felt from the rain of the 3 J, but the rains preceding the 
collection by only a day or two would exett considerable influence. 
Accordingly these samples represent the river directly after moderate to 
heavy rains, although the weather was fair at the time of sampling. 

September samples. The September collections were made on the 
19th to 21st of the month and again show fair weathei; conditions. The 
lower part of the watershed received a heavy rain on the 4ib, and moder- 
ate rains on the 6th and 15th, but these would affect the samples only 
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indirectly. At Upper Sandusky there occurred a light rain on the 5thy 
and moderate rains on the 4th and 17th. The table shows no rain of 
moment in the upper part on the watershed for nearly four weeks pre- 
ceding the September sampling, but the collector's note book says : '^ Bain 
fell at Bucyrus September 17 and 18, resulting in roily water." 

October samples. These were taken during another fair weather 
period, as the samples were collected on the lOuh, 11th and 12th. The 
only rain in the month previous to these dates was a heavy one on the 
iih and 5ih. A moderate rain fell on the 11th, during the time of col- 
lection, but would affect only the Tiffin and Fremont samples. 

November samples. The November samples were collected on the 
9lh and 10th. The only rainfall for two weeks previously, as shown by 
the table, was on the 5th, so we have samples taken after a season of fair 
weather, but it should be borne in mind that on the two days covering 
the period of sampling there occurred the heaviei^t general rain of any 
forty-eight hours in succession that occurrM during the time we had the 
river under consideration. Two thirds of the rainfall of the entire month 
fell on these two days, and every sample on th« trip was taken in a steady 
rain. Thus it will be seen that the November samples represent the 
river at the very beginning of a hard rain, which would bring the stream 
to flood height. By the time the last stations were reached — Bucyrus, 
above and below — the stream was overflowing its banks. The results . 
indicate the addition of this amount of rain water, with its attendant sur- 
face wasbinf^s. 

MAUMEE RIVER. 

July^ samples. Samples were taken on the 21st-23d of the month. 
General light or moderate rains had fallen in all parts of the watershed 
between the 17th and 20th. Previous to thege rains there had been a 
period of drought. No rain fell during the period of sampling. On the 
2l8t the health officer of Findlay informed the collector that on the day 
preceding, a heavy rain occurred up the river, causing the river to rise 
eight inches. 

August samples. The August samples were collected on the 23d, 
24th and 25th. The samples from Ft. Wayne and from Defiance above 
on the Maumee represent the condition of the water in summer after a 
long drought, as no rain of moment had fallen on that part of the water- 
shed for sometime. There were, however, one week previous to the time 
of sampling, heavy rains on the area drained by the Blanchard and 
Ottawa rivers, with a heavy rain at Napoleon and a light one at Toledo. 
On the 24th and 25th occurred moderate or heavy rains to afiect the f ol 
lowing samples: Defiance, Napoleon, and Toledo slightly, while a heavy 
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rain of 1.07 inches fell within the twenty -four hours preceding the taking 
of the Findlay samples. 

September samples. The date of the September sampling was from 
the 26th to 28th. This was a period of fair weather. The month .in gen- 
eral had been wet and culminated in a severe rain on or about the 24th. 
In some localities a severe wind accompanied this storm, as at Lima. 
Accordingly these samples represent wet weather conditions followed by 
a few days of fair weather. 

October samplesw In October the samples were taken on the 24th, 
25th and 26th, representing the river after considerable wet weather. The 
streams were higher than in September, but.had not risen so suddenly, 
nor were the waters so high as in the succeeding month. * 

November samples. The November samples showed the river in by 
far the highest stage examined. The samples wtre taken on the 14th to 
the 16th. Although the precipitation for Ohio for November was .21 inch 
below the normal, yet the northern section gave an excess of .11 inch, 
and furthermore, nearly all the rainfall of the month occur];ed between 
the 5th and lltb. The weather was cold, especially so during the time 
of sampling. This high stage of the river continued for some days, and 
gave results not obtainable in the warmer season of the year, and the 
dryer months, 

LIST OF SAMPLES. 

Following is a list of samples taken, with the serial number, location, 
source, date and hour of collection : 

1 Upper Sandasky, below, Sandasky rirer, July 14, 8:15 a. m. 

2 " above " " " 9:15 a.m. 

3 Bucyrae, " " " ** 2:15 p.m. 

4 " below " " *' 3:15 p. M. 

5 CreatUne, 2 miles " " " " 6:00 p. m. 

6 « 3 ** " " *• •* 7.00 p. M. 

7 Tiffin, above " " July 15, 8:30 a. m. 

8 " below " •• " 10:00 a. m. 

9 Fremont, above *' • " " 6:00 p. m. 

10 " below " " " 6:45 p. m. 

11 Saadasky, intake, S mdasky bay, J uly 16, 9:15 a.m. 

12 Findlay, above, B! an chard river, '' 21, lO.OO a. m. 

13 " below *' « « 21, 10:45 A. M. 

14 Lima, abave, Ottawa river, *' 21, 8:15 p. M. 

15 " below " " " 21, 4:30 P. m. 

16 Ft. Wayne, " Mdumee river, July 22, ,9:00 a. m. 

17 « above, St. Marys «* " 22, 10:30 a. m. 

18 Defiance, " Maamee '' '' 22, 1:30 p. m. 

19 " " Auglaize " *' 22, 2:45 p. M. 
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116 Toledo, Cherry street, Manmee rWer, Nov. 14, 4:00 p. m. 
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It will be seen that samples 11, 35, 60, 84 and 110 are from Sandusky 
bay at the intake, where the public supply is obtained for Sandusky. 
The stations above Bucyrus, Upper Sandusky, Find^ay, Defiance, Napo- 
leon, Toledo, and at Sandusky, were at or near the intake, and the results 
indicate the quality of the water supply at those places. The same is true 
of Tiffin, Fremont B,nd Lima, with the exception that a part of their sup- 
plies is obtained from ground sources. The July sample below Upper 
Bandusky was, through a misunderstanding, taken above part of the 
local pollution. The later samples were*taken about half a mile lower 
down the stream. The samples of the later four months below Defiance, 
4Uid abovp Napoleon, were taken from the opposite bankof the river than 
were the July samples, owing to the difficulty in reaching the points 
where the first samples were taken. The July, Toledo, Cherry street sam- 
ple, was taken from a dock, but the later samples were taken from the 
^channel of the stream by« means of a row boat. 

RESULTS OF THE ANALYSES. * 

The results of the analyses of samples from the Sandusky and 
Maumee watersheds for the five months, July to November, 1898, are 
.^iven, first in tabulated form, and second by curves. In the table, the 
first column gives the station numbers. These commence at the head- 
waters and are arranged geographically along the courses of the river to 
its mouth. In each case the station number, unaccompanied by a sub- 
flcript letter represents the station above the local pollution, while the 
number with a subscript letter shows a station below local pollution. 
When more than one station occurs below local pollution (e. g. Toledo) 
the subscript letters show alphabetically the relative location of the sta- ' 
tion, ^'a" being nearer the headwaters of the stream than ^'b''. Where 
two stations occur at any city above the local pollution, they are situated 
on different stream? and are distinguished by subscript numerals. The 
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second column gives the serial number of the sample as collected. The- 
third column gives in miles the approximate distance by river from the- 
uppermost station taken. The fourth and fifth columns give resi)ectivel7 
the locality and the date of sampling. Then follow the analytical results, 
the figures representing parts per million (milligrams per litre), except in 
the case of color, dissolved oxygen, bacteria and temperature, as explained 
previously. In plotting the curves, horizontal spaces represent dist noes 
by river, while vertical spaces represent the amounts present of the sub- 
stance in question. Naturally, the vertical scale varies according to the- 
substance plotted. The samples were collected as nearly once a month 
as other laboratory work would permit. 
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STATE BOARD OF HEALTH. 
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SANDUSKY WATEBSHED. 



Sakduskt Bivcr. 
(Parta per million.) 



Nitrogen as 




. 




5 






1' 

in 






"2 i 

a o 1 
a B i 

III 


i' 

1. 


• 

s 

s 


j 

1 


i 
i 


a 

1 


|l 


1 

a 

5 1 


1 
1 
§ 

J 


Bacteria per 0. C. 




• 

£ 

1 
J 


0.196 


0.082 


J008 


0.192 


8.6 


1881 


46.4 


1 

478 


122 


128.0 


1.160 


21.5 


0.688 


0.048 


Trace. 


0.881 


1.2 


89.0 


11.4 


882 


65 


77.6 


68,600 


8. 


0443 

^ 


0.040 


.002 


4.9 


111.0 


28.9 


405 


94 


100.0 


29,830 





0.454 


0.580 


.400 


7.944 


198.8 


808.4 


7.7 


877 


126 


88.0 


65,860 


98. 


0^16 


0.780 


.250 


0.226 


63.5 


225.4 


128J2 


748 


141 


26.5 


80.210 


23. 


0.440 


0.680 


.250 


6.220 


24.8 


162.2 


98.5 


628 


162 


62.9 


46,800 


20.5 


.a45« 


0^96 


.060 


8.086 


831 


827.8 


85.6 


675 


14]< 


48.5 


iS.095 


20. 


0^12 


0.162 


.025 


0.461 


7.4 


68.9 


27.4 


625 


117 


40X) 


222W 


8. 


0.636 


0.608 


.196 


3.677 


75.4 


216.6 


68.6 


710 


138 


61.2 


76,661 





0519 


e.094 


.001 


0JI18 


12.7 


146.4 


51.7 


467 


92 


Not tak'n 


Not tak'n 


Not tak'n 


0.190 


0.088 


Trace. 


0262 


11.8 


172^ 


10.4 


402 


74 


124.0 


845 


805 


0.24U 


oxnv 


.Olh 


0064 


17.7 


11B8 


82.0 


872 


80 


114.5 


775 


25. 


0.212 


0064 


.005 


0.282 


16.2 


150.9 


424 


884 


96 


109.8 


785 


25. 


0.226 


0.088 


.006 


0180 


120 


172.1 


284 


82G 


86 


87.4 


200 


163 


0.476 


0J089 


Trace. 


0.418 


8.7 


60.0 


None. 


491 


68 


81.7 


82,800 


8. 


0.229 ;0.061 


.006 


0.231 


12.3 


133.8 


32.6 


395 


81 


103.4 


16,971 








0§86 


0784 


.028 


2.748 


68.2 


171.6 


160J) 


580 


155 


670 


295300 


' 80. 


0.42D 


0.460 


.087 


0.166 


24.2 


187.4 


58.4 


878 


82 


72JJ 


20^60 


253 


0^2 


0.144 


.018 


0.296 


14.2 


169.0 


86.ii 


879 


68 


940 


24^11 


24. 


•0.404 


054X 


.015 


1828 


16.4 


176.6 


42.6 


W 


169 


794 


5881 


18. 


0502 


0.042 
0.396 


004 


0.881 


45 


55.5 


None. 


348 


51 


62.8 


175000 


8. 


0.457 


.029 


0.974 


24.6 


142.0 


68.3 


460 


104 


76.1 


106,902 




0.192 


0.082 


M 


0.260 


11.5 


138.4 


124.2 


*528 


188 


79.0 


167 


25. 


0J272 


OMi 


.008 


0064 


24.6 


144 4 


88.6 


419 


115 


88.8 


677 


23. 


0.176 


OJOOL' 


.004 


0.224 


4.0 


138.2 


71.8 


429 


8< 


86.5 


1.800 


203 


0.192 


a046 


.002 


6.080 


36.6 


168.6 


64.4 


867. 


107 


94.8 


585 


Ififi 


aseo 


0.076 


SM 


0.288 


6.7 


121.1 


88^ 


821 


.115 


86.8 


13,100 


73 


0.278 


0.064 


.003 


0.186 


12.7 


139.1 


76.5 


413 


110 


86.9 


3,166 




ai94 


0.104 


jOOO 


0.818 


18.8 


165u2 


184.7 


777 


858 


470 


610 


21' 


0.9W 


0.112 


.026 


0.152 


284 


147J5 


88.8 


501 


181 


61.7 


8.440 


228 


0.31V 


0.182 


040 


0.248 


10.' 


IftlJt 


99.S 


482 


56 


54.6 


40320 


19. 


0.24^ 


0.080 


.010 


0244 


128 


174.7 


56.4 


42]) 


87 


76.0 


6.070 


14 5 


0.69J 


0.104 


sm 


0.2:4 


7.1 


118.5 


350 


810 


51 


77.7 


81,900 


73 


0.330 


0.106 


1 .018 


0.247 


14.4 


148.6 


82.7 


499 

I 


136 


63.4 


17,268 








0.190 


0.144 


.002 


0.248 


108^ 


170.4 


96.8 


712 


282 


95.0 


188 


27. 


a280 


0J058 


jm 


OJS»\ 


15.2 


71.6 


56.4 


840 


75 


59.1 


1390 


23 


014f« 


004/ 


.010 


0.192 


82.8 


160.6 


86.8 


495 


94 


115.5 


820 


223 


0.28< 


0084 


Ml 


0.152 


150.1 


186.6 


762 


784 


160 


80.9 


1.155 


18. 


0.592 


OJll« 


Trace 


0.28 • 


20.8 


126i) 


24.0 


461 


57 


79.7 


16.980 


7. 


0.289 


0.079 


.004 


0.177 


64.4 


143.2 


67.9 


548 


124 


86.0 


4,134 
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AimUAL RBfOKT 

8ANDU6KY WATEB8HED-Concliid«d. 

Savdusxt Bitsb— CoDclnded. 
(Pftrto per million.) 







< 


"■ ■ ■ ' J 

LoOfttlon of Muplf . 


Dam Ml- 

leoMd. 


^ 


1 


1 


Odor. 


i 

1 


1 


3 
1 


i 


4a 


8 

ta 

57 
82 

106 


TJ 


Tiffln, below town.^..... 

M M 
1* «• 
M « 

U It 


Jnly 

B 

Not. 


16 
10 
20 
U 
9 


Jt6 
.6 


8. 

Dec. 

V.8. 

Dlt. 

Dec 


8. 

8 
8. 


Bed.mnaty 

Bonp — 

Rwcetith ... 

Mnity 

Earthy- _.. 


485 

10.87 
&81 
5.13 
8.79 

7.68 


6 


9 
S4 

59 
M 
108 


98 


Fremont, aboye town......... 

» M 

it U 

•1 •« '" 

Averefe ...... .... ........•••• 


Jnly 

&- 

Oct 
Not. 


15 
10 
20 
1-2 
11 


.16 
M 

A 

.28 
.47 

.37 


8. 
Die 

& 
8. 
Dta 


8. 
8. 
8. 
8. 
C. 


None 

Slight mnety-... 
8Uirht mnsty.... 
81igbtmnBty.... 
Barthy. 


4.27 
7.17 
9J0 
6.21 
911 

7.08 


U 


10 
SS 
68 

86 
109 


98 


Fremont, below town......... 

M «» 

H m [|[| 

M 11 , 


Jnly 
Not. 


16 
10 
20 
12 
11 


.2 
.56 
.4 

.8 

.47 

.38 


8. 
.Dlt. 

V.H 

Dip. 
Dec. 


8. 
8. 
V.8. 
8. 
C. 


Faint mnaty-... 

Mnrty... 

Faint mnaty 

Faint mnaty.... 
Earthy 


4.66 

Mi 
9.07 
6.46 
7Jl 

7.20 


• 


U 
8S 

to 

84 

110 


125 


Seadneky. cHb 


i'n'f 


11 


J05 

.1 

.1 

.1 

.06 

.08 


V. 8 
8. 

None 

V.8. 


V.9 
V.H 
Twire 

8. 
8. 


Woody 

None-,,. .- / 

None 

None 

None 


2.64 




M U 
M H 

«t M 


Not. 


21 
12 
10 


277 
898 

2.02 

2 74 



STATB BOARD OF HEALTH. 
8ANDU8Ky WATKBRHSO-OoMdvaai. 

SAXOUiKT SiTBft— 00B«llld«dL 
(Parts p«rmimoa^ 



4S 



Nitrogen as 


1 


6 


i 


1 


1 

s 


8«j 


c5 




a 


1 
1 


1 


S 


• 
1 


a24» 


0.128 


J0O7 


0J71 


99.8 


178.2 


99.2 


677 


215 


92.0 


5.700 


16. 


•428 


OMi 


J>1$ 


.0.112 


2W 


808 


106.8 


881 


69 


77.7 


9.7211 


2IL 


0.8W 


0280 


.025 


0.140 


88.8 


160.8 


9I.H 


45) 


46 


1123 


4,140 


M. 


0JS8 


0J08 


.OLt 


0.244 


147.6 


1885 


85.2 


6t>7 


188 


82.1 


87.400 


11. 


0.6M 


0.128 


.004 


0.227 
0.219 


10.5 


148.6 


27 6 


487 


88 


78.1 
87.4 


53,000 
21»992 


7J 


0.404 


0.146 


.013 


63.6 


82.1 


613 


120 


— •— 


0^4 


0.062 


None. 


0.200 


99.2 


126.0 


202 


595 


186 


94.0 


880 


2M 


0.S5S 


OJ078 


ms 


005S 


68.6 


9J.0 


416 


498 


187 


89.2 


1^19 


36J 


0.336 


a044 


.108 


0.160 


83.1 


126.4 


61.2 


468 


76 


86.8 


675 


iu 


0.172 


0022 


.010 


0367 


60.1 


191.1 


69 2 


470 


94 


884 


1.455 


17. 


0.064 


0.080 


Traoe. 


0.252 


15 4 


184 6 


864 


601 


124 


84.7 


4.490 


7J 


0.331 


0.067 


.006 


0.2^7 


62.3 


133.8 


46.7 


627 


123 


88.6 


1,664 


— 


0284 


0.089 


Trace. 


0.864 


102 5 


133.2 


26.1 


677 


186 


960 


4.726 


26. 


0.412 


0.082 


.016 


0.1162 


610 


1002 


11^2 


410 


91 


748 


11,060 


25.7 


281 


0.144 


.010 


0.168 


a?.-) 


125 2 


76.9 


414 


84 


78.2 


4.780 


21. 


0.^66 


0.116 


.026 


0.447 


64.5 


J915 


5x4 


868 


110 


780 


11,400 


17. 


0.fi96 


0.120 


.006 


O.iM 


22.1 


1480 


85 U 


522 


109 


77.6 


5,060 


7JI 


0.386 


0.110 


.011 


0.262 


67.6 


139.6 


61.1 


468 


• 116 


81.2 


7,396 








0.18t 


0JH2 


008 


0.102 


108 


39^ 


475 


282 


80 


96X) 


828 


21. 


ai60 


0.044 


.018 


0.06« 


186 


9-^4 


45 8 


265 


^4 


91.8 


594 


24J 


0.160 


0.0 '2 


Vone. 


040. 


8.9 


1006 


36.2 


221 


85 


899 


115 


19. 


0.12D 


0016 


^ioDe. 


049 


11.2 


10^.8 


.h6 6 


-264 


47 


73.6 


l,6b0 


11 


U.824 


0024 


None. 


r.*6 


4.7 


1068 


36U 


206 


21 


799 


859 


6. 


0.179*0.030 


.003 


0.077 


9.8 


99.7 


40.4 


238 


61 


87.1 


614 






1 
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ANNUAL REPORT 
MAUMEE WATERSHED. 



Bl.AKCHABl> RiTUL 
(Parta par million.) 





i 

i 

1 


1 


Looatlon of lample. 


Date col- 
lected. 


i 


5 


■ 

i 


Od«r. 


i 
1 


1 


1 


1 


1 


12 
80 
62 
88 

114 




Finday.aboTetpwn 

u u 
u m 

Avanigt ........ 


July 

Aug. 

Sept. 
Oct. 
Nov. 


21 
2S 
26 
24 
14 


.2 

28 
.5 
.45 
.82 


8. 
None 
Dec 

8. 
Dec 


8. 
8. 
8. 
V.8. 
C. 


None- 

Muity 

Peculiar, bad... 
V. disagreeable 
Peculiar- 


4J8 
7.01 
878 
8J4 

lUO 

8.2B 


u 


IS 
49 
61 
87 
118 


8 


Flndlay, below town ... 

" M \[\ 
H M '^ 

H m *" 

Average ....mm 


July 
AoR. 
--.pt 
Oct 


21 
25 
26 
24 

14 


100 
.2 
.45 
.8 
.8 

M 


S. 
Sone 
Dec. 
Dii. 
Dec. 


8. 
C. 

a. 

8. 

c. 



Bad. oilyl 

Musty 

Peculiar, bad... 

Foul 

Peculiar ........ 


MO 
480 
7.19 
4j88 

IIM 




6.81 













Ottawa Kiveb. 



2 


14 

40 
(->4 
90 
127 

1 




Lima, aboye town - 

tt M 

I( M " 

Average .m*.... 


July 
Auk. 
Sept. 
Oct. 
Nov. 


21 
24 
26 
24 
16 


.1 

.16 

.45 

.45 

32 


V.8. 
None 
Dec. 
S. 
[)lfi. 


V.R. 
V.8. 

8. 
V.8. 

C. 


8HKht musty..... 
rtllgnt musty.... 

None 

^•one 

Faint oily 


4.70 

&51 

11.77 

7J6 

• 6M 




.291 








6 78 










fti 


16 
39 
68 
89 
126 


4 


Lima, below town • 

« m 

*( « Jl",,.'. 

m u 

Average 


July 
Auk. 
-^''Pt. 
Oct. 
Nov. 


21 

'.'4 
26 


3 50 
4.fn 

.0 
.37 


Dec 
Dec. 
Dec 

0?.. 


M. 
M. 
M. 


Foul, oily 

Foul 


6M7 
110.47 




Foul 


42.72 
9iS 




?.ib' 


67.04 















Auglaize Kiver 




Defiance, above town. 



Average .. 



July 


22 


.2 


Dis. 


8. 


Aug. 


^8 


Ab 


8. 


8. 


-ept. 


'27 


5 


Deo. 


8. 


O.-.i. 


.0 


.4 


Di8. 


8. 


Nov. 


15 


.35 


I)pc. 



C 



None 

Faint musty. 

Woody 

Musty 

Enrlhy ..» 



&26 
6.40 
14.20 

9sn 

9.97 



8.97 



St. Mary* River. 



8 


17 
88 

67 
98 

128 




Ft. Wayne, abOTe town 

M W 
M H 
li M 


July 

Sept 

t>c» 

Nov. 


92 
28 

27 
25 
16 


1 

.25 

4 

.4 

.26 


^one 
Sow 
Dis. 
DU 
Dec. 


V.S. 
^4one 

8. 
V 8. 

C. 


^onc 


4.84 

4.60 




"^one 

Earthy ....... 

Woody --.... , 


iai2 

6.88 
16.94 




6.16 



# From Station L (Ffom Station 2. f Sample lost by breaking of bottle during transportation. 
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MAU^IEE WATERSHED. 



Bl^nohaad Bitu. 

(ParU per mUllon.) 



Nitrogen m 






d 






It 




» 


•G d 


i 










• 


• 


i 


c5 


c5 



e 


1« 

si 


o 

a 
a 


\ 

i 


i 


1 


6 

a 


3^ 


2 
1 


i 


Is 


& 


1 


5§ 

< 


2 

lb 


r 


** 


o 


M 


a 


s 


J 


|£3 


1 


0.198 


0.033 


j008 


0.S82 


19.5 


180.2 


1546 


r7s 


166 


79.0 


292 


98. 


0.281 


.035 


18 400 


165.5 


*506 


162.1 


\rn 


315 


590 


1410 


26. 


0.338 


0.294 


.200 


63;») 


449 6 


67 y 


125.^ 


l^bS 


3bO 


61.4 


980 


»A 


0.258 


136 


.018 


8.280 


H4.'i 


13-0 


9S6 


725 


203 


78.8 


1,486 


UA 


0408 


0.080 


.020 


14.135 


44.9 


128.6 


72 


529 


257 


80.4 


1,286 


6. 


0.297 


0.I7B 


.056 


•9.506 


^164.8 


82.8 


122.6 


882 


262 


71.7 


1,011 


...MM ••.•MM* 


0.W0 


0.'82 


t 


0827 


107.7 


188.4 


147.2 


830 


263 


150.0 


7,790 


28. 


0.-29-' 


0.341 


.060 


15500 


127.3 


♦440 


15o.l 


962 


153 


66.2 


8370 


976 


0412 


.5'? 4 


.238 


3.«i5^ 


3^n.9 


70.1 


111.4 


1.302 


394 


53.8 


84.960 


20J» 


OJk).i 


«»406 


-090 


9 20./ 


266 


91.4 


125 6 


1,073 


36 1 


78.2 


18,050 


11. 


IG-i 


U.IOO 


.021 


U042 


84.0 


12M 


586 


5S6 


235 


696 


1.900 


6. 


0.420 319 


.102 


8.384 


177 2 


94.9 


> 119.8 


941 


281 


82.4 


12,214 


• 



Ottawa fiiVEB. 



0.154 

0.199 
25U 
0.19^ 
0240 


0.027 

'IMS, 

O.J '5 4 
oOlb 
Oo.-SK 

042 


Mone. 
None. 

.005 
.010 
.010 

~~005 


318 

2:0 

0. H6 
0.34 > 
!0.4M 


29.6 

24. : 

119 « 

22.1 

171 


J87 2 
17.^.S 
151.6 

137 X 


158.0 
74.6 
78.2 
3(i.4 
57.6 

~~79J 


642 
590 
828 
392 
373 

666 


232 
141 
132 

160 


102.0 
88.i 
58.7 
99.8 
87.9 


497 
895 

8,4 jO 
2.910 
1,130 

1.776 


20. 
28. 
32. 
11.5 
6. 


0.208 


2.291 ! 42 6 

1 


87.3 




1.C68 
107i 
0844 


O.OSl 
(1 6'K« 
Olbl 

0.29" 

286 


t, 

""042 


0.55^" 
2.49' 
0.557 


S3.2 
19-».7 

.ioU.2 


227.6 

«»3 
2S7 6 


171.4 
94.4 
6l..i 

57!4 

"967 


:.:66 

I.IU 
l,2J4 

■ '407 

Toi7~ 


462 
523 
373 

168" 


0.0 

27.5 
68.6 
82.7 


871300 
2-27 .»i>0 
94.6.0 
76. 60 
16 7G0 

"167^8 


812 

25.5 
22.5 
11.5 


0.48U 


10.013 


3o.O 


140.0 
247o 


6. 


866 


3 403 


178.8 


382 


36 6 











AUflLAlZB KlYEB. 



0.281 


0.035 


None. 


0.276 


i<i66 


142.8 


86.4 


455 


116 


104.0 


615 


80. 


0.256 


O.lOl 


.1.25 


i.eai 


95 


126.U 


37.0 


580 


141 


107.7 


4H5 


28. 


O-aoH 


O.OfiO 


.008 


2.6 ii 


li7.T 


12s 9 


724 


870 


284 


64 6 


8,500 


21. 


0'25u 


0028 


Trat:e 


U4W 


714 


15«2 


616 


002 


174 


85 


6,070 


11. 


ait:: 


0.116 

ooei 


008 
"0O8 


9.001 
7798 


27.S 


1S').0 
139 


43 4 
60.2 


8^5 
^7? 


132 


8S6 


10.0 <^ 


6.5 


0.296 


83 6 


169 


900 


4,160 





St. Mabt KiViLit. 



0.241 
0.216 
308 
a276 
0.432 


QSa9 

0.n75 
II l:>4 
0.038 
0.044 


^one. 

None. 
.005 
JCOi 
.008 

.003 


0.444 
0.072 

0.093 
0.18) 
9.47^ 

"2062 


34.5 

i-'45 
766 
96.4 
345 


l€0.2 
14 '.2 
155 9 

14s 2 
1»9 6 

liib" 


loas 

688 
44.4 

94.6 
29.4 


885 
716 

589 
5H0 
420 


269 
145 
159 
160 
• 147 


85.0 
98.2 
79.6 
909 
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DISCUSSION OF TABLES AND PLATES. 



SANDUSKY WATERSHED. 

Physical Charactbrs. The water of the Sandusky river shows 
' considerable color which remains nearly uniform throughout the stream 
except below Crestline and Bucyrus, rising especially at these points in 
times of low water. The water of this stream, in 60 per cent, of the 
samples taken, gave a prominent urbidity mostly due to the suspended 
• clay in a finely divided state. Clay is found quite abundantly along the 
course of the river. The sediment was slight except in times of high 
water or at the stations below Crestline and Bucyrus, where much pollu- 
tion was present. The stream is not an odorless one— but five samples 
during the season yielding no odor, while many of the samples were un- 
desirable, and some were bad. On the whole the odor of the wM^r would 
frequently make it undesirable as a public water supply. 

Chemical Characters. Oxygen nquired. Here we find evidence of 
the presence of a large amount of organic matter for nowhere in the river 
do we find a low oxygen requirement, while the average of all the deter- 
minations is nearly 7i parts to the million. The curves (Plate 1) show 
that in general there occurs, as 'Would be expected, an increase in the 
oxygen requirement wherever organic pollution is found. This is especi- 
ally noticeable at Crestline and Bucyrus where in the summer the stream 
is so small — a mere brook — that the sewage produces a marked efiect. In 
- connection with the fall of the November curve at Bucyrus, it should be 
borne in mind that the river had overfiowed its banks to such an extent 
that the collector could not get within fifteen rods of the usual sampling 
place, and consequently took his sample* at the edge of the greatly widened 
stream. A sample from the current would doubtless have yielded other 
results. 

Nitrogen in the Form of Albuminoid Ammonia. It was found that the 
albuminoid and free ammonias were in this river subjected to fewer local 
disturbances than the other determinations and, accordingly, they are the 
best indicators of the sanitary condition of the water. The albuminoid 
ammonia curves (Plate 2) with striking regularity rise at known points 
of pollution and fall in the intervals by virtue of the processes of natural 
purification. It will be noticed that both the free and albuminoid am- 
monia curve^ fall but little (best shown in the curve of averages) from 
Ji>elow Upper Sandusky to above Tiffin. This does not mean so much 
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the lack of purification in that distance as lack t)f pollution at Upper 
Sandusky. By reference to Mr. Flynn's report it is seen that Upper San- 
dusky does not contribute so much sewage to the river as its population 
would lead one to think. The average amount of nitrogen occurring as 
ammonia is but slightly higher above Tiffin than above Upper Sandusky. 
The course of the November curve at Fremont is unexpected, but is 
similar to that of the oxygen requirement, whereas the curves for chlorine 
and free ammonia take the usual course at that time. The cause was 
undoubtedly a local vegetable pollution affecting the above Fremont 
sample. Such a pollution might readily occur under the weather con- 
ditions prevailing at the time. 

The determinations of the nitrogen in the farm of free ammonia with 
the resulting curves (Plate 3) are very satisfactory, and point out 
admirably the sewage pollution condition of the stream at the points- 
where samples were taken. The curve rises with each addition of sewage 
and then falls until the sewage of the next lower town is received. The 
July sample below Upper Sandasky does not represent the full extent of 
the local pollution as it was taken, through lack of information, above 
the mouth of one of the sewers. The effect of rain in making the water 
more uniform as regards its free ammonia nitrogen is seen in the fiat 
November curve and similarly, but to a less degree, in the August curve. 
By consulting the discussion of the weather conditions it will be seen 
that the November sampling was at flood time and the August sampling 
immediately after summer rains. 

The wide flactuations of the carves at Crestline and Bucjrus indi- 
cate here, as in other determinations, much pollution in little water. It 
is not to be thought in studying the July curves that the sudden drop 
from station la to 16 (Crestline two miles below to Crestline three miles 
below) is indicative of any such rapid purification in the short space of > 
one mile as the curves might suggest. The result is due in great part to 
dilution. Station la was taken' on what is locally and logically known 
as ^* Stink creek," a mere open sewer across which one could step in some 
places, but which carries the sewage of Crestline. Within the next mile,, 
however, Stink creek is joined by two other streams resulting in a fairly 
respectable body of water at Station 16, although but one mile from the 
former station. 

I^^trogtn as Nitrites and Kiirates. (Plates 4 and 5). The nitrites repre- 
sent the intermediate stage between the ammonias and the nitrates- 
whether the process be the oxidation of the ammonia to nitrates 
or the reduction of the nitric acid to ammonia. When organic 
matter has reached the form of nitrates it is in its least objectionable 
state, and is then frequently ^poKen of as the evidence of previous. 
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sewage contamination. However, the amount of nitrates in a river does 
not represent the fall amount oT previous contamination for some pro- 
portion of the nitrates would be taken up by growing vegetation. It will 
be seen by consulting the plates that nitrites are present below each 
known addition of sewage showing that oxidation of the organic matter 
had already begun, and in many cases we find oxidation had gone iar 
enough to show an increase in the nitrates. Had our below town samples 
been taken closer to pollution, or had thestream been swift in its flow so a& 
to have brought the pollution morequickly and consequently unchanged, 
to the below town stations, the nitrate curves would have been different. 
As it was the distance and the slow flow gave time fqr the oxidizing 
agents to produce an increase in the nitrates. Even in those places 
where the percentage of sewage was greatest we find this occurring. By 
consulting the report of Mr. Fiynn it wi be seen that balow Crestline 
and below Bucyrus the exposed condition, the shallowness of the stream, 
the broken flow and the vegetation furnish conditions favorabjie to oxi- 
dation. In connection with the exceedingly high amounts of nitrous and 
nitric acid at Crestline in July, we would call attention to the fact that 
the free ammonia is lower. Owing to the dry weather conditions in that 
month the stream was unusually low, and the flow was very slight. The 
influence of the fall rains in making the water of the stream richer in 
nitrates is not so noticeable in the Sandusky river as in the Maumee and 
those Examined last year. The nitrate determinations for November are, 
however, somewhat higher than durlog the rest of the season. 

Chlorine. (Plate 6). As the amount of chlorine in the water changes 
only by the addition of more chlorine or by dilution of the water, its 
determination is oiie of those most sought as an indicitor of sewage 
pollution. This value as an indicator depends, however, on the absence 
of chlorine from mineral sources, and accordingly the presence of 
mineral chlorine makes this determination an unreliable one in establish- 
ing the presence or absence of sewage pollution. In a river free from min- 
eral chlorine the curve would by rising point to each sewage pollution, 
and^by falling show the addition of water containing a less amount of 
chlorine. The water of the Sandusky river s high in chlorine through- 
out its course. The efiect of dilution is seen in the November samples 
when all of the results were much lower, and the various samples difiered 
less from each other, as shown by the smoother curve. The curves show 
an increase of chlorine for the addition of sewage except once at Bucy- 
rus, once at Upper Sandusky* and three times at Tifiin. The cause for 
the direction of the curve.at Bucyrus in September is not apparent. We 
would mention in this connection that although the rainfall table gives* 
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no precipitation for the two days preceding the taking of the September 
samples at Bucyrus, nevertheless the fi^d note book of the writer says 
he was informed when taking the samples that quite a rain had fallen on 
the two days previous. The roily condition of the water sustained the 
information thus recorded. The cause for a similar decrease in the chlorino 
. at Upper Sandusky in October is likewise not apparent but there must have 
' been some dilution associated with the lower sample, or too high a figure 
above town resultiog from some local pollution. It was learned at the 
close of the season that there is a spring in the bed of the river near thet 
sampling point below Tiffin. The influence of such b fresh water source 
could easily lower the chlorine character of a sample taken near it, but 
why this should have occurred in three out of five samples and not in 
the others does not seem clear. 

Perhaps the most striking thing in Plate 6 is the great increase of 
chlorine between Upper Sandusky and Tiffin. This occurred each month 
save August, and is well shown in the curve of averages. Between the 
two places named the Sandusky river receives the waters of Honey, 
Sjcamore and Tymochtee creeks. Asthese tributaries receive little or no 
sewage, and as their combined volume approximates that of the San- 
dusky, we would expect a decided lowering of the amount of chlorine to 
be shown above Tiffin. This actually occurred only in August, and then 
the chlorine appeared again at Fremont. This chlorine is not of sewage 
origin. After a personal inspection of the river between Upper San- 
dusky and Tiffin, the civil engineer of tbe State Board of Health says 
there is no sewage pollution to account for such an increase in chlorine. 
Furthermore, a study of the analytical results and plates shows this in- 
crease of chlorine to be unaccompanied by any corresponding increase in 
organic matter, with the exception, possibly, of November when the high 
water would result in diluting the chlorine, and increasing the organic 
matter. But one conclusion can be reached — this increase is due to 
chlorine of mineral origin and enters the river between Upper Sandusky 
and Tiffin. The exact Iccation of this pollution was not attempted by 
analytical methods, and failed to be attained by inquiry and inspection.. 
No oil wells are present in that territory, and no salt springs could be 
located although rumor were heard of ** deer-licks " in years gone by. 
This rise in chlorine is greatest in July and October, when the samples 
represented the river under dry weather conditions, or just at the begin- 
ning of a rain, and is much less under the influence of the rains in 
August, Sef)tember and November. It will be seen that the river main- 
tains this high chlorine throughout its succeeding course— station 6 
representing Sandusky bay water and not the river water. It would 
seem from the August curve that the addition of this extra chlorine bad 
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been made between Ti£Sn and Fremont, but a study of the reealts for 
the other months gives no indication of chlorine pollution between Tiffin 
and Fremont. The peculiar August results finds a more probable ex- 
planation in the efiect of the heavy rain which fell from 48 to 72 hours 
beforethesamples were taken at Tiffin, and which may have washed the 
chlorine past Tiffin, and yet not have had time to wash it past Fremont. 
This explanation finds support in the reverse conditidh of the curve in 
October, when the samples were taken so soon after a rainfall that the 
effect of the washing appeared only at Tiffin, not having had time to 
reach Fremont. This explanation of the peculiar features of the August 
and October curves rests in part upon the following assumption. The 
chlorine as it is about to enter the river gathers to some extent in such 
shape as to be paurtially held back until washed out under the influence 
of a sudden rain. In November the river was higher and no such result 
would appear. The source of this chlorine pollution may be intermitent, 
but it does not appear from the data at hand. 

The alkalinity, (Plate 7), gives approximately the amounts of calcium 
and magnesium carbonates. The curve of the averages shows the carbonates 
were fairly uniform throughout the stream, with the exception that they 
are higher below Crestline. At that station the alkalinity was low for 
some cause in September, and again in November. In the latter month 
the stream was full from fall rains and this addition of rain water would 
naturally lower the results. The sewage and other pollutions of the 
towns and cities increase the carbonates as seen best from the curve for 
the averages. This effect is greatest at Crestline where thid sewage is but 
little diluted. The Sandusky river water is richer in carbonates than the 
Mahoning, though not so rich as that of the Scioto and Olentangy rivers, 
while it is nearly the same as the Maumee water. 

Incrusting ConstiCuerUs. (Plate 8). As stated before these are chiefly 
sulphates and chlorides of calcium and magnesium and are the formers 
of the scale found in boilers. The curve of averages is quite regular and 
shows, like the alkalinity, an increase on the addition of the city pollu- 
tions. This means that the sewage of the various places along the stream 
is harder than the river water itself. The water of the river is hardest 
at Upper Sandusky and Tiffin j although there is but a slight decrease for 
Fremont. 

The total solids (Plate 9), follow in general the alkalinity and incrust- 
ing constituents, and also show the presence of the alkaline salts at 
Crestline, Tiffin and Fremont. 

Dissolved Oxygen. (Plate 11). In the work upon the Scioto and Olentangy 
rivets last year, several samples of water were found containing a greater 
amount of oxygen than is given by tables as the amount whic^ distilled 
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water takes up when saturated with air. The results were obtained with 

^care and duplicated. We anticipated the same feature in the present work, 
and accordingly desired to carefully examine the water biologically at those 
places where supersaturation appeared in the Sandusky and Maumee 
watersheds, but the stress of the regular routine work prevented any 
added investigations along other lines. This supersaturation is no doubt 

.due to the oxygen given off in plant growth, as stated by Prof. Lord 
in his report upon the Scioto and Olentangy rivers. Out of 52 samples 

. from the Sandusky river there were six cases of. supersaturation. One 
Was above Crestline in October, but as this wai^ the only sample taken 
there except in the high water, November, it gives us little information 

.of the normal condition. In September both the Tiffin samples showed 
supersaturation. The remaining three cases were above fiucyrus in the 
three summer months. 

We expect the decrease in the amount of dissolved oxygen whenever 
sewage is added to the stream. With one or two exceptions that is what 
occurred, as may be seen from Plate 11. This is a natural sequence, as 
the purification of sewage is a process of oxidation, and the free oxygen 
in the water is quickly taken up by the organic matter so prevalent in 

• sewage. 

BACTBBlAli FlHDIKGS ON SaJCDU^KT WATERSHED. 
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Bacteria. (Plate 10). Without exception the bacterial curve rises 
. under the influence of fresh sewage and falls again with conditions of 
\ natural purification. The intensity of the inflections agrees well with 

the degree of pollution. The greatest amplitude of the curve being at 
I Crestline and Bucyrus during the stages of low water. This confirms the 

chemical findings. A stated in the previous report by Dr. Bleile, a sud 
, den rain would bring into the river large numbers of bacteria in the 
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face washiDgs, lK>gether with more or less organic matter suitable for 
their nourishment and subsequent propagation. This would result in 
an increase in the number of bacteria in the purer portions of the 
stream, while it would dilute the more badly polluted portions. With 
an incrtose of bacteria in^ the purer water and a decrease in the impurer 
water, as* a result of recent rainfalls, a Fmoother curve wo^ld be obtained. 
This is shown in November and, to a less degree, in August. The 
November figures are misleading if they be taken as representative of the 
conditions throughout the month. No doubt the number of bacteria 
would be higher then as shown by the findings of other workers, but not 
as high as the figures here given for November. By reference to the 
dates of sampling and to the rainfall table it will be seen that the sam- 
ples for that month were taken at flood time, and at the beginning of the 
sudden high water, when the bacterial effect of surface washings would 
be greatest. These extreme conditions would not long continue, and 
thus it is unfair to take the November figures, as representing the condi- 
tions for that month, in the same way as the other findings do for their 
months. Consequently the averages given in the table, although they do 
represent the mean number of bacteria in the five examinations should 
. not be taken unconditionally as a basis for judging the water. On th6 
other hand an average of the findings for July, August, September and 
October does represent the number of bacteria present under average 
conditions during that season of the year. A correct average for the 
season would be somewhere^ between the two averages. 

The waters recently polluted are not the ones likely to be used, and 
so we will confine our inquiries to the purity of the water at above town 
stations, where the riVer would be expected to be at its best. The 
extreme effect of the November samples, as spoken of above, is strikingly 
shown in the following table of averages at the above town stations : 
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Average for season 

Average omittiDg Nov.. 

But little value can be placed on the findings above Crestline, owing 
to unusual conditions in the only two months when there was suflScient 
water to cause a flow. In October the water had just begun to flow and 
would be higher bacterially tban'a water which had been regularly wash- 
ing the bed of the river for some time. In November occurred the very 
high water conditions previously referred to. For these reasons we omit 
the station above Crestline, and speak of the four remaining ones. 
Beginning with Bucyrus above, we have an average of 514 bacteria per 
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c. c, with a steady increase at each successive station down the river. . 
This increase is not large, but it would indicate that the water is being 
polluted faster than it purifies itself. There is little satisfaction in trying 
to establish a bacterial normal for this river with the information at 
hand. The October and November conditions above Crestline have been 
stated, and during the renaining months' our uppermost sample con- 
tained Crestline sewage. The lowest results were obtained in July when 
the water was lowest, and were equaled but once during the remainder 
of the season, viz., above Bucyrusin October. By reference to Mr. Flynn's 
report it will be seen that while Tiffin is a thriving city of some 14,000 * 
population, yet only 2,700 of these have access to sewer connections, and 
accordingly the pollution of the river is not as great as one might at first 
think from the size of the city.- In addition to this there is a milldam < 
one mile above our below-Tiffin station, and b3tween it and the city. 
Again our sampling point was just above a second dam. These dams, 
by backing the water, furnish opportunities for sedimentation and thus 
would decrease the otherwise greater increase in bacteria below Tiffin. 
The results of the bacterial and chemical analyses indicate, that while 
the water of the Sandusky river may at timss purify itself under favor- 
able conditions, yet in general the pollution exceeds, to a greater or less • 
degree, the amount< of purification taking place by natural processes. 

MAUMEE WATERSHED. 

It is well before discussing the results to speak of certain disturbing 
factors. Oil wells are to bd found in several parts of this watershed and 
the deep ground water they pump out is frequently saline. At Findlay 
are situated two factories for the manufacture of nitro-glycerine, and the 
wastes from these factories enter the Blanchard river— the outlet from 
one factory being above the upper station at Findlay and the other be- 
tween the two stations. The writer is informed that the lower factory 
was in constant operation and the upper one nearly so. At Toledo boats 
of various sizds are passing back and forth with irregularity — especially 
is this true at Cherry street, and at Riverside Park. When one of the 
larger boats passes, the water is greatly stirred up, even at times bringing 
to the surface fragments of the nasty mud found at the bottom of the 
river. On both sides of the river at this place are manufacturing plants 
of various kinds. The uncertainty of obtaining samples which would 
truly represent the river under these conditions is so great that we shalb 
not attempt to explain some of the irregularities to be found in the re- 
sults at Toledo. 
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Physical Characters. The color of the Maumee river water, espe- 
cially in its lower course, is slightly less than that of the Sandusky. The 
Q:tawa and Blanchard tributaries are quite highly colored at Lima and 
Findlay— this being increased in times of low water. The turbidity of 
the Maumee is similar to and slightly greater than that of the Sandusky. 
The slow current is favorable to sedimentation and but little sediment is 
found, except in high water. The volume of the Maumee would lead us 
to expect but little odor from specific pollutions, and yet the water falls 
short of a desirable one in this respect. At times the samples from Find- 
lay, Lima and Ft. Wayne yielded extremely objectionable odors. In but 
one of the five samples above Findlay was the water odorless and three 
times this feature weis such as to make the water unpalatable. 

Chemical Characters. The oxygen requirement (Plates 12 and 13) 
is even higher in this river thiin in the one previously discussed and is 
of little, if any, value in determining sewage pollution. In the lower 
portion of their courses where the waters run more uniform in their oxy- 
gen requirement the Maumee dtterminations ran about two parts to the 
million higher than didHhose of the Sandusky. The excessive increase 
in the oxygen required at Lima in July, August and September was due 
to the fact that the stream below town was mainly composed of sewage 
and the washing-^ from the strawboard mill. Much of the^oxygen re- 
quired was due to the latter element, as is shown by comparing Plates 12 
and 14; for had it been due to sewage the albuminoid ammonia would 
also have ,been higher. The comparison shows the vegetable pollution 
to be carbonaceous rather than nitrogenous in character. The October 
sample was unfortunately lost by the bottle being broken in transit. Tn - 
November the condition was changed ; the stream was full from the fall 
rains and while increasing the oxygen requirement at other places by 
virtue ot the vegetable matter washed in by the rains, yet it served to 
dilute, below Lima, the water already high in required oxygen. The 
long flow o( more than fifty miles to the Defiance station on the Auglaize 
river furnishes opportunity for change and we fiud at the latter station 
this requirement, except in SeptemHer, to be approximately as low as 
the Maumee at that place. A very severe rain and wind storm occurred 
September 24, on th^^ area drained by the Ottawa river, and its efiect is 
seen in the high figures tor that month above Lima and below Defiance 
on tht) Auglaize. While showing an increase at th >se places due to the 
vegetable i^atter washed in, yet the otherwise high oxygen requirement 
below Lima would be lowered by this dilution, as stated before A com- 
parison of the conditions above Drfiance in October and November on 
Plates 12 and 14 show by the oxygen required and the nitrogen as albu- 
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minoid ammonia that, when both streams are fttll from tiniforin wet 
conditions, the Maumee comes down to Dtfiance with a greater regetable 
pollution than does the Auglaize. This is compatible with the fact that 
acres of the upper Maumee watershed are covered with remains of Tf ge- 
tation as shown by the report of the engineer, and under continued wet 
weather this could produce the above results. The dcEcent of the curve 
at Napoleon in November is unexpected, but eeems to be in some way 
associated with the high waters. The averaging of results at Defiance 
includes the eflFect of Tiffin river, which enters the Maumee just below 
the upper station at Defiance. 

Nitrogen as Albuminoid and Free Ammonia. (Plates 14-17). As in the 
case of the Sandusky river these determinations were interfered with by 
disturbing local factors and accordingly -may be taken as the most relia- 
ble indicators of the extent of sewage pollution. The two sets of curves 
are quite similar, month by month, and, except in one or two instances, 
agree closely with the known pollution. In November the amount of 
free ammonia below Defiance is nearly a mean of^the amounts above that 
city on the Auglaize and on the Maumee. This would be a natural 
sequence without the sewage of Defiance, as the volumes of the two 
streams are nearly equal. In the absence of information from gagings 
we estimate the relative volumes of thetwo streams by the area drained. 
The Auglaize drains 2,504 square miles and the Maumee above 
Defiance, approximately, 2,230 square miles. It should not be overlooked 
that the Tiffin river, with a drainage area of 669 square miles, empties 
into the Maumee just below the upper station at Defiance. As shown by 
the report of Mr. Flynn the pollution of this river is slight and at such a 
distance that the water would be well purified by the time it reaches the 
Maumee and consequently offset, to a considerable degree, the pollution 
from the city of Defiance. In fact the results show that in November 
when the streams were high there was a small decrease in the albuminoid 
ammonia at the station below Defiance. The marked inflections of the 
free ammonia curves (Plates 16-17) show the addition of considerable 
quantities of fresh sewage at Findlay, Lima, Ft. Wayne and Toledo. The 
U'sual.effect upon the free ammonia in rivers at time of high water is seen 
in the smoother November curve. The condition at Findlay is an inter- 
esting one being the result of several complications. One might think 
fromthe chlorine and nitrogen determinations that an excessive sewage 
pollution had occurred above Findlay, but this is not the case. Mr. 
Flynn's report shows the only t)wns on the Blanchard river above Find- 
lay are Forest and Dunkirk, and neither of these pmall places empty 
sewage into the river. Consequently the high results must be due to 
ther caust e. The chlorine, as will be shown lat( r, is mineral in origin and 
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is introduced by the salt water from the oil wells. The nitrogen as nitrites 
and nitrates is due to the washings from the nitro-glycerine factories. Some 
of the free ammonia may be due to the reduction of the nitrous and nitric 
acid by iron, if the acid comes in contact with iron pipes. Volume II, 
Geological Survey of Ohio, page 353, says that there are in Hardin 
county three marshes of a somewhat peaty nature, covering some forty 
thousand acres. One of these, Cranberry marsh, drains to the Blan- 
chard river, and its natural drainage was made more effective by ditch- 
ing at the time our examinations were made. This peaty water would 
account for the albuminoid ammonia. A portion of the organic matter 
would be decomposed and yield free ammonia. This accounts for the 
excess of nitrogen as ammonia. The further discussion of this triple 
pollution of salt, peaty water and acid will appear under the next two 
headings. 

Nitrogen as Nitrites ancL Nitrates. (Plates 18-21). The increase in 
nitrous acid at the known places of sewage pollution is wf 11 shown. The 
great increase of nitric acid throughout the stream in November agrees 
with the results obtained last year on the Scioto and Olentangy rivers. 
The cold and wet weather had resulted in cessation of plant growth and 
in much soil washing, and thus the water was unusually rich in nitrates. 
We would say that while the figures and the curve for the averages show 
the average of the five samples for each place, yet it should not be assumed 
that these figures represent the average condition of the water during the 
five months the river was under consideration. On the contrary, the 
figures for the averages are misleading, as they are too high, due to the 
special November conditions. The samples of that month were taken 
at flood time just after the heavy fall rains. The nitrates are greatly in 
creased after the sudden rise by virtue of the soil washings, and would 
soon decrease even though the water remained high. Accordingly the 
conditions at the tinde of the November l^ampling were favorable to an 
unusually high proportion of nitrates, probably seldom equalled during 
the season, and then for a limited number of days only. Consequently 
to take the high results of a limited period as representing the condition 
for the month would be unfair, and would yield too high a figure in 
averaging results with other determinations which do more properly 
represent the character of the water throughout their months. A very 
striking thing in these curves is the variation at Findlay. (Plates 18 
and 20). Only in the month of July do the amounts of nitrogen in the 
form of nitrites and nitrates remain low enough above Findlay to be at 
all desirable, while the averages for the season are : 

N. u nitritee. N. aa nitrates. 

Above Findlay.. .066 . 9.606 

Below " .102 8 384 
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These high figures result from the waste washings from the nitro- 
glycerine factories. In the process of manufacturing nitro-glycerine 
adds are used and subsequently the product is washed to free it from 
superfluous acid. Thus a considerable amount of acid reaches the 
Blanchard river. The writer is informed th^t the dead vegetation along 
the sewer ditch outlet from the upper factory shows the characteristic 
effect produced by acid. In this sewer ditch the refuse from the factory 
gathers in pools to be washed out in times of rain. This may account 
for the lower results in July, as we are informed that the factories are in 
operation nearly if not all the time. From the rainfall table it will be 
seen that no rain had fallen on the four days preceding the July samp- 
ling, and less than one-half inch in twelve days. The samples of the 
remaining four months were taken as follows : August, within 24 hours 
after a precipiation of 1.07 inches; September, two days after a light rain 
which was preceded 48 hours by a rainfall of nearly one inch; October, 
after a series of rains ; November, after a period of excessive precipita- 
tion yielding full streams for some time. From the weather conditions 
and the nature of the ditch we would expect high nitrites and nitrates 
in our August, September and October samples, with somewhat lower 
results in November and still lower ones in July. That is just what 
did occur. The low figures in July may have been in part helped by 
the following circumslance: Although no rain fell at Findlay on July 
20, the field note book of the writer states that under date of July 21, he 
was informed when taking the sample that *' there was a heavy rain up 
the river yesterday and the river rose eight inches." This heavy rain up 
stream and yet not at Findlay would, by increasing the amount of water 
in the river without increasing the pollution from the glycerine factory's 
ditch, yield lower amounts of nitrogen above town in July. 

Chlorine. A good introduction to the study of this phase of the 
Maumee watershed may be found in last year's report on the Examina- 
tion of Sources of Public Water Supplies, pages 192-197. From Dr. 
Orton's description of the mineral character of the water produced by the 
oil and gas wells found on so large a part of the area drained by the 
Maumee river, we are not surprised when we note the high chlorine find- 
ings and the irregular curves. These findings are worthless as indicators 
of the sewage pollution of the stream under consideration. It takes but 
a very brief comparison of the analytical results and the curves for 
chlorine and free ammonia to see that they do not agree as they should 
under ordinary circumstances. While it is true that the chlorine curves 
in general show an increase at the points of known sewage pollution, yet 
t*ie absolute amounts are so high as to frequently exceed the chlorine 
possibilities of* sewage. The figures given for London sewage are 150. 
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parte per 1,000,000, while the water above Findlay in September yielded 
449.5 parts of chlorine. This amount is /lot so surprising when we re- 
. member that oil wells sometimes throw out brine in their pumpings, and 
that there are possibly 15 oil wells above Findlay. With such saline condi- 
tions at the city last named, at Lima, and as the engineer reports at the 
head waters of the Auglaize river, it is not strange that the river named 
comes down to its junction with the Maumee so highly charged wit^ 
chlorine that a great drop occurs regularly in the curve below Defiance 
as a consf quence of the dilution by the water of the Maumee proper and 
more particularly of its northern tributaries. The effect of salt is found 
in four of the five branches of the Maumee examined — the only one 
showing an approximately normal amount being the St. Joseph river. 
This stream yielded an average of 3.6 parts of chlorine per 1,000,000, 
which could almost be expected from the population on the area it 
drained. On the other hand the population on the St. Mary could not 
by natural processes yield an average chlorine of 69.3 parts per 1,000,000. 
This amount is again unquestionably of a mineral character. As the re- 
sults must therefore be more or less uncertain no further discussion of 
this factor will be made except of the condition at Lima. The findings 
at this place show mineral pollution both below and above town, espe- 
cially so at the latter place in September. The regular and great increase 
shown below Lima should not be ascribed entirely to the influence oi the 
sewage of that city. It seems that the public water supply of Lima con- 
tains more or less sodium chloride. In December, 1838, a request came 
to the State Board of Health for an examination of the public water 
supply of Lima. An examiiyition made on December 16 revealed 1067. 
parts of chlorine per 1,000,000. No doubt it was unusually high at this 
time, but this would indicate the possibility of the presence of salt at all 
times. If a water as it is delivered to the consumers of a city be high 
in sodium chloride, we must find the water as it leaves the city, also 
high in the same ingredient, or there would soon be a people giving evi- 
dence of being descendants not of Adam, but of Lot^s wife. 

Aklalinity and Incmstmg Cona'iiuenta. (Plates 24-27). As stated previ- 
ously the alkalinity is due chiefly to the carbonates of calcium and mag- 
nesium, while the chlorides and sulphates of calcium and magnesium 
furnish the incrusting constituents. The alkalinity represents temporary 
and the incrusting constituents permanent hardness. The Maumee is a 
little richer in carbonates and a little poorer in sulphates than the San- 
dusky river thereby differing from it but little in hardness. These 
streams liave softer water than the Scioto and Olentangy but harder 
than the Mahoning. The water of the Maumee is hard as would be 
expectecl from the dolomite and limestone of the watershed. The deep 
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waters of this region are very rich in mineral matter as shown by last 
year's report. Due to the addition of water of this character we find an 
increased hardness in the Auglaize, Ottawa, and St. Mary tributaries. 
The water becomes softer in the lower course of the Maumee. As the 
streams reach Defiance the Auglaize water is harder than ihe Maumee, 
due to the larger proportion of sulphates and chlorides in the former 
strea)n. The sewage of the various towns and cities is harder than the 
river water. This is bsst shown at Ft. Wayne and Lima, and both of 
these cities are supplied with hard waters. The greatest alkalinity was 
found at Lima where the scale-forming elements are also high. The 
lowest avejage alkalinities were at the two Findlay stations, and in turn 
we found there the two highest average incrusting constituents. This is 
in accordance with the expected from the addition of the acid refuse from 
the nitro-glycerine factories. By reference to plates (24 and 26) or to the 
tables, it will be seen that free acid was present in the water both 
above and below Findlay, giving a negative alkalinity in August. It 
was in this month that the incrusting constituents here reached their 
maximum. It will be remembered that at the time of taking our August, 
Findlay samples, a heavy rain had fallen within the preceding twenty- 
four hours, thus favoring a decided influence upon the samples by the 
washing out of the acid from the ditch where it had gathered in pools. 
In this connection see pages 356 and 360. 

The total solidsy (Plates 28, 29), are high from the mineral character of 
the water, and follow very well the hardness as shown by the combined 
alkalinity and incrusting constituents. However, in making a comparison 
between these and the total solids, the chlorine character of the Maumee 
watershed should not be overlooked. The chlorides of calcium and magne- 
sium would appear in the incrusting constituents while sodium chloride 
would not, yet all would show in the determination for chlorine and total 
solids. For example the high total solids above Findlay in September 
greatly exceed the combined alkalinity and incrusting constituents, and 
are largely due to the sodium chloride present. The same feature is shown 
in the results below Lima in July, August and September. Again the 
alkaline salts account for the fact that while the average hardness of th^ 
Maumee is less than that of the Scioto or Olentangy rivers, yet the former 
stream slightly exceeds each of the others in the average total solids. 

Dissolved Oxygen, As the free oxygen in a water readily unites with 
the free ammonia of sewage in the process of oxidation, therefore we 
should expect the dissolved oxygen to show a drop for each addition of 
sewagf). Plates 32 and 33 show this. In the curve for the Itveragee, 
Findlay alone fails to show a decrease for the addition of sewage, but 
this is due to the high supersaturation which from some unknown cause 
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appeared below Findlay in July. The remaining fonr carvee each show 
a decrease in the dissolved oxygen due to the sewage of that city. The 
month showing the increase is the one with the lowest free ammonia 
below town except November. The remaining supersatnrations were, we 
believe, due to plant growth and were found above Lima, Defiance on the 
Maumee, and Defiance on the Auglaize in July, .and again at the last 
named station in August. The lowest averages were at Lima, Ft. Wayne 
and Toledo where the worst sewage pollutions occurred. 

BACI^RIAL FINDINGS ON MAUMEE WATERSHED. 
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1,110 


930 


1,436 


7,790 


8,370 


34,960 


18,050 


497 
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8,450 


2,910 


371»300 


227,800 


94,620 


76.760 


615 


485 


3,500 


6,070 


666 


1,550 


1,550 


1,317 


No tak'r 


1,260 


1,400 


813 


145,400 


39,040 


37,510 


7,040 


329 


838 


1,310 


1,143 


723 


6,900 


5,720 


7,540 


569 


210h 


575 


5,450 


992 


4,315 


1,100 


26,520 


270a 


250i. 


195 


1,342 


1,030 


5,310 


4,275 


4.250 


576 


220i* 


4,370 


13,600 



1,285 

1,900 

1,130 

.15,760 

10,080 

7,360 

5,860 

20.080 
18,300 
22,040 

7,710 
16,400 

7,360 
19,160 
16.100 



1,011 

12,214 

1,776 

157,248 

4,150 

2,488 

2,333 

49,814 
4,884 
8,585 
2.903 
9,865 
i:883 
6,805 
6,973 



Bacterial Characters. After contemplating some of the complica- 
tions, dhown in the preceding graphical representations of the chemical 
results, arising from unusual local disturbances, it at least affords a feel- 
ing of relief to look upon i]^e simpler bacterial curves for this same 
river. (Plates 30 and 31.) As is well known the addition of sewage 
greatly increases the number of bacteria, and thus we look for an upward 
turn of the curve under the influence of pollution from sewage. With- 
out exception this occurs each month at each city throughout the stream. 
The amount of the increase is not however constant, but varies with 
local conditions and rainfall influences. These curves are plotted to the 
logaritlims of the numbers rather than to the numbers themselves, and 
it should be borne in mind that a small increase on the plate means a 
much larger increase with the actual number of bacteria. The sewage 
eflfeets are most noticeable at Findlay, Lima and Ft. Wayne, agreeing 
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with the chemical findings as shown by the free ammonia determina- 
tions. At Defiance the increase is somewhat lessened by the dilution 
from Tiffin river, whose waters first appear in our samples below De- 
fiance. The bacterial findings of the Maumee and Auglaize rivers as 
they reach Defiance are nearly the same. The increase at Toledo is not 
as great as might be surmised would follow from the large number of 
people having access to the sewers of that city. But the results agree well 
with the chemical findings. At this city the Maumee is a stream of no 
small dimensions (at times its volume exceeds 285^000 cubic feet per 
second — computed from gagingo) and this amount of water could receive 
a large quantity of pollution and show only small increases in the deter- 
minations sought. The river at Toledo is greatly affected by the direc- 
tion and velocity of the wind. With the wind blowing hard from the 
lake the river water is forced back by water blown in from the lake. We 
desired! to study the effect of such action upon the pollution of the city 
water supply of Toledo, as the intake is but a short distance up the river. 
The elements yere against us and the wind was blowing from some other 
direction when we were in Toledo. The nearest approach to a wind 
favorable to a solution of this* problem was in July, and in fact the 
chemical and bacterial results for that month place the .three Toledo 
stations more nearly on the same level of pollution. We were ^enabled 
to approach this question negatively, i. e.,by noting the increase of change 
produced in our determinations when the wind bl^w down the river. 
Under normal weather conditions and a fair current we would expect 
little or 1.0 pollution at the Toledo intake, considerable pollution at 
Cherry street, and slightly more at Riverside. We find this state of 
affairs in the September and October samples bacteriologically, and also 
chemically, i. e., as far as free ammonia, nitrites and chlorine are con- 
cerned. Chemically the same is true in August, but the Riverside bac- 
teriological result is low, duQ to the count being interfered with. The 
river runs in a northeasterly course, and accordingly a southwest wind 
would blow down the river, while a similarxffect would resultin a lessened 
degree from a south or a west wind. Through the kindness of the Weather 
Bureau Observer at Toledo, Mr, W. S. Currier, we append the following 
table of wind movements on the days of sampling, and for three days 
preceding. The full effect of the wind upon the water on the daj o/ 
sampling would not have been attained at the hour the samples were 
taken : 
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Date. 


PreTailing direc- 
tion. 


Total wind 
movement. 


Maximum velocity 
and direction. 


1898. 

July 20 

« 21 , 


N.W 


244 
267 
192 
187 
114 
296 
150 
270 
136 
273 
143 
141 
833 
343 
322 
356 
208 
125 
173 
280 


19 milea W. 


E 


14 " N. E. 


« 22 


N. E 

N. E, andB 

8. W 

8. W 


17 " N. E. 


« 23 


16 " E. 


A.ng08t 22 

" 23 


12 " 8. 
26 '* 8. W. 


" 24 


N. W 


15 " W. 


« 25 


W 

N.W 

N. W 


21 •* N. W. 


September 25... 


12 ** W. 


*« 26.. *. 


26 " N. W. 


" 27., 


W 


J2 " N. W. 
12 " 8 E. 


" 28 


E 

8. W 


October 23 


20 " S. W. 


" 24 


8. W 


29 •* S W. 


« 25 

« 26 


8 

N.W 

N.W 

W 

W. 

w 


26 " 8. 
26 " N. W. 


November 11.. 


20 " N. W. 


" 12 


9 ** 8. E. 


« 13 


17 " 8. W. 


« 14 


17 " W. 









In October a strong wind had blown for three days with the current. 
The field note book'of the collector records at that time **all of the 
water has been blown out of the river except in the channel.'' This 
caused a good current which carried Toledo pollution away from the 
Toledo intake, as shown by the analyses. In August and September the 
effect was somewhat similar, but less marked. A further study of this 
problem is desirable, but the foregoing facts would indicate that under 
adverse circumstances Toledo at times receives at the intake a greater or 
lees amount of* her own sewage. 

The bacterial findings on the Maumee watershed show results from 
rainfall and consequent Eoil washings similar to those obtained in the 
work on other rivers. At such times the number of bacteria was in- 
creased as shown above Lima in September and at several places during 
the wetter months of October and November! The lowest findings were 
at times of low water, viz : July and August. On the other hand, sewage 
pollution of the river is so great at certain points resulting in great num- 
bers of bacteria, that the high number of microscopic plants in the soil- 
washings from a sudden rain is not sufficient to equal the n^umber in 
the sewage polluted river water and thus at these points a dilution occurs. 
In other words, wet weather conditions, as below Findlay in September, 
and below the other larger cities in October and 'November, yield a lower 
number of bacteria than dry weather conditions at the same places. 
Had the acid at Findlay in August been constant, its effect would have 
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been noticed more. The amount of acid present was not such as to kill 
the bacteria, but it would have hindered many species from an active 
multiplication, and thus lower counts would have resulted. As it was 
the samples were taken too sopn after the influx of the acid to show any 
marked features. A count below Findlay in August, after a hard rain, is 
consistent with the other results at the same place compared with the 
weather and the pollution. For some reason, not apparent the number 
of bacteria is unusually low below Ft. Wayne in October. The St. Mary 
and St. Joseph for that month also show coiints below the average. The 
lowest results on the watershed were obtained at Findlay, Napoleon and 
Toledo— those at the last two places bsing due in part at least to the fail- 
ure to get an efficient count because of an interference from overspreading 
growths on the plates. Accordingly these counts are too low, and this 
should be borne in mind. In addition to these low results of doubtful 
value there were but three findings in the river ^water of this watershed, 
yielding less than 400 bacteria to the c. c, viz.: July above Findlay, 
July above Defiance* on the Maumee, September above Toledo. On the 
other hand, over 74 per cent, of the tests showed upwards of 1,000 bac- 
teria to the c. c. No data are available to indicate the bacterial purity of 
the headwaters, as some pollution occurs above each one o^ our upper 
stations, and thus we cannot tell whether the water at any time regains 
its original purity. If it does, then the original bacterial purity could 
not have been very good, as seen by a study of the table already given. 
The following table shows better the average condition. Only the above 
town stations are given. They are supposed to represent the places 
where the river water is in its most purified state. The first column gives 
the average of the five months, in the second column (ezcdpting Find- 
lay) is shown the average omitting the month, showing an unusually 
high number of bacteria due to rain influences. No omission was made 
at Findlay, as conditions were such that no month gave an exceptionally 
large number of bacteria : 



Findlay above* 

Lima " 

Defiance, Auglaize, hbove.< 
Ft. Wayne, 8t. Mary, ** , 
Ft. Wayne, St. Joaeph, " ., 

Defiance, above 

Napoleon, ** ^.... 

Toledo, " 



•Average for 
five montha. 



Average for 
four montha. 



1,011 


1,011 


1,776 


1,358 


4,160 


2,668 


2,488 


1,270 


2.838 


1,168 


4,884 


906 


2 903 


1,701 


1,883* 


514* 



* L')w ooanta due to interference from overapreading growtba. 
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The samples' taken from the Maumee river were more doeely related 
to rainfall oonditions than those from the Sandusky river, and moreover 
the Manmee is a deeper stream and less obstructed by dams, consequently 
its water is not so well aerated and exposed to sunlight as the water of 
the Sandusky. Under these conditions we find the number of bacteria 
higher in the stream under discussion than in the preceding one. The- 
number of bacteria as shown by the results obtained is not low enough, 
to make the Maumee water a desirable one for potable purposes. 
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THE SANDUSKY WATERSHED, INCLUDING SANDUSKY CITY. 



GENERAL FEATURES OF THE WATERSHED. 

The Sandusky river rises in the western part of Richland county, 
flows west through Crawford and into Wyandot, then north through 
Seneca and Sandusky counties and empties into the western end of the 
Sandusky Bay. The river is 115.5 miles long and has a watershed some 
1,581 square miles in area. Its valley is small, having a depth of from 
20 to 25 feet and an average width of one-fourth of a mile or less. 
The bed is usually cut into the limestone or shale for a few feet The 
head waters of the river east of Crestline have an elevation ol 1,282 feet 
above sea level or 709 feet above the lake. This gives the river an aver- 
age fall of 6.14 feet per mile. The Sandusky river consists of several 
branches until Crestline is reached, but the figure given for the elevation 
of the head watery is for one branch only. Starting from Crestline with 
an elevation of 1,155 feet, the average fall of the river per mile is 5.2 feet. 

The following table gives the elevations at the different stations, the 
distance, and the average fall per mile between stations : 



Stations. 


i 
1 

l| 

a' 


|l 

J8.2 


ATerage fall per 
mUe between 
■tationt. 


Head waiera .... 


1,282 
1,156 
996 
836 
743 
613 
678 






Creetline 


16 
24 
34 
21 
16 


28.2 


BacjrQs 


10.0 


Upper Sandaskj A.. 

Tiffin 


67 
6.7 


Fremont « •.•••••• ......».* .>.•■•*•• «.••.••....... •*.*«*«T*f*- 


4.8 


Lake Erie 


2.6 
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As seen from this table the river has a good fall, hence a good flow, 
except below Fremont. Here the Sandusky winds in and out through 
low, flat, and in many places, marshy land to the Bay ; where it spreads 
out oyer a broad plain covered with grass and lilies. The water is raised 
and lowered a foot or more over these plains by the wind, but it is never 
more than a few feet deep. 

Originally the headwaters of the Sandusky were supplied by several 
springs, 4^ miles east of Crestline, but since these have been appropriated 
for a public water supply for Crestline, it gets no water from them, espe- 
cially in summer, and must depend upon the West Branch and up6n 
Stink creek, both of. which are supplied to a small extent by spring 
water and to a much larger extent by the sewage of Crestline. ^ 

The river has a number of tributaries, none of which are Very large. 
The principal ones are Broken Sword, Tymochtee, Sycamore, Honey 
Wolf, Maskalung and Green creeks, the latter entering the river almost 
at its mouth. 

On the Sandusky river watershed there is an estimated population 
forNl898 of 100,000; 39,500 of which is in the seven towns of Bucyrus, 
Carey, Crestline, Fremont,' Sycamore, Tiffin and Upper Sandusky ; while 
the remaining 60,500 is scattered through some fifty small villa^^es and 
isolated houses. The average population per square mile is 63.2, of 
which 25 3 is urban and 37.9 is rural. These figures are much below the 
average for the State, and show the watershed to be thinly populated. 

The towns mentioned above, except Carey and Sycamore, have more 
or less complete systems of sewers, all of which empty directly into the 
Sandusky river. These seWerR, however, only carry the sewage of about 
13,000 people. These same cities also have public water supplies, all of them 
using for that purpose at least some of the raw river water. The average 
daily amount of water pumped from the river is 2,700,000 gallons, which, 
after being soiled with the cities' waste, is returned- to the river as sewage 
to be pumped out by the next city below and sent through the same 
course again. In the summer the three upper towns, Crestline, Bucyrus, 
and Upper Sandusky, use all the river water for the public supply, so 
that the river below each of these places is practically pure sewage* 

Carey has a water supply from wells and is off the Sandusky river 
also, so it is not influenced by the pollution of the river. Sycamore is 
also removed from the river and is now putting in a water works which 
will be supplied by well water. 

In examining the river, special attention has been paid to its pollu- 
tion for ten miles above each water work"*, in view of the following ordi- 
dinanoe : 
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Section 2433. The jurifldiction of any corporation owning water 
works, to prevent or punish any pollution of the water, shall extend ten 
miles beyond the corporation limits. (0. L., 66 v., 209.) 

The river has also been examined in and below each town with 
flpecial reference to any nuisance from the sewage, and also any local 
4X>ntamination of the water supply from the town's own sewage. 

DAMS. 

• Owing to the important bearing of these obstructions upon the 
tibility of a river to supply water and to dispose of sewage, a short de- 
scription of the dams on the. Sandusky river will be given. There are 
eixteen dams on the river, four of which are used to impound water for a 
public su pply and the rest used mainly to furnish power to grist mills. The 
following table gives the name, location, use, size, length of back water 
and pond area of the various dams : 
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All the mill dams except the ones at Ballville are of wood construe- . 
tion and in a bad state of preservation. They leak badly all the time, 
being repaired jast enough to keep the mills running. The water works 
dams are kept in better shape, as all the water has to be utilized in dry 
weather. The two dams above Fremont are in a good state of preserva- 
tion and leak but little. At the time of the inspection of this river, 
July 20, 1898, the water was running 12 inches over the St. John's dam, 
giving an approximate flow of 525 cubic feet per second, or 341,000,000 
gallons per 24 hours. 

POLLUTION OF WATERSHED. 

Practically all the pollution of the Sandusky watershed is due to the 
five towns located on the Sandusky river itself. Carey has a water sup- 
ply and will soon send sewage to Tymochtee creek, but it has but little 
as yet. Sycamore is just putting in a water works and will soon find 
sewers necessary. Attica has no sewers as yet, but will soon need them, 
as it has a public water supply. 

Cr^a'^in^— Population 2,968. This village has the good fortune to be 
at the upper end of the watershed above all pollution of the river, except 
that which it sends in itself. Crestline is a railroad town with some 
manufacturing interests. It has paved streets, electric lights, a water 
supply and a fair amount of sewers. The water supply is from springs 
and welld over in Richland county. 

Sewage -Crestline is fairly well «ewered, two sewers emptying into 
the West Branch of the Sandusky river and six emptying into **Stink 
creek," and comprising in all about four miles of sewers. About 70 per 
cent, of the population have access to the sewers and there are 60 
water closets connected to them, but no vaults. The water closets are 
not ufed much in summer, every one depending upon outdoor vaults. 
Txie vaults are not water-tight and are not regulated by the village in 
any way. 

** Sink creek " as it goes through t >wn is nothing but an open sewer. 
At the time of inspection, July 19, it was dry above town and supplied 
entirely by sewage, and this principally from the main hotel It is a 
very foul smelling, dirty ditch, covered with black scum and all the 
pools full of filthy sewage mud. In hot, sultry weather the ditch can 
be smelled all over town and c luses a terrible nuisance. Filth of all kinds 
is thrown into the stream, and many open privies are built directly over 
it or SD close that every rain will wash their contents into the ditch. It 
also drains two cemeteries which lie just east of town over in Richland 
county. Bflow the sewers the creek is a succession of small pools and Ib 
overgrown with weeds and bushes. This causes the app<«ranoe of the 
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stream to rapidly improve, so that about a mile from the last sewer the 
stream has no smell and is comparatively clear. 

The West Branch is in good condition above town, and it is claimed, 
never goes dry; but as it was only a few inches deep at the time of inspeo* 
tion, it can dispose of but little sewage. This creek only receives two 
sewers and as these have but few connections, the stream is in much better 
shape than the other one. Below each sewer there is some deposit and 
<«the water is black, greasy and coveted with scum, but four hundred 
yards below the last sewer the sewage is not visible. 

These two creeks unite about a. mile from town and form the San- 
dusky river. The river at this point winds slowly through a flat clay 
bottom land, and has no smell and but little sediment and this is not 
offensive- 
Wells— Nearly every house has a private well and these are used to a 
large extent for domestic purposes. The dug wells are from 20 to 30 feet 
•deep and only go into the drift. There are three private drilled wells 
which furnish good water. These are 100 feet deep and go through the^ 
drift and shale into the sandstone. 

Bueyrua — Population 8,516. This town has paved streets, electric 
lights, a public water supply and a sewer system. It has nothing but 
general manufacturing, being supported mainly by the country around 
it. The water supply is from the Sandusky river. 

Sewage— The city is well sewered, ftillj ninety per cent, of the popu- 
lation having access to the some eight miles of sewers. There are about 
three hundred water closets and thre.e hundred vaults connected to the 
sewers. As shown on the map, the sewers empty at the most convenient 
point into the Sandusky river. The first sewer below the water works haa 
but few connections and the river above the small mud dam at the brew- 
ery is in fair shape. But starting with the sewer from the brewery, the 
river as far down as the cemetery is an open sewer, each tributary sewer 
adding more filth before the river has had time to recover from the last 
one. The small dam opposite the brewery is to back the water up so 
that it can be pumped to the adjacent ice pond. At this time, owing to 
the recent rains, this dam was allowing some water to escape, which helped 
to dilute the brewery sewage, but did not prevent the river from being 
covered with a thick, black scum and giving of a horrible stench. From 
this point down the river is a succession of stagnant pools with their 
bottoms covered with a foot or more of thick, black mud that constantly 
gives ofi bubbles of gas. The water is black, greasy and covered with a 
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thick black slime. It is claimed that the river is in good condition now 
and that it becomes much worse when there is no rain. 

The gas works dam is used to impound water for washing the gaa 
and condensing purposes. The refuse of the gas plant is discharged above 
this dam. It coDsists of naphtha, grease and lamp black. The quantity 
is not large, but it discolors the river badly. Just below this dam the 
main sewer enters, and as the dam held all the water notwithstanding 
the recent rains, the river from this .point was pure sewage. Night-soil 
is buried in shallow trenches near the river, below town, and every hard 
rain washes some or it into that stream. Kitchen garbage, hog pens, 
geese, slaughter houses, all combine to make the river at this point one of 
the worst in the State. 

Vaults are required to be water-tight and 50 feet from wells. All the 
old ones violate the first part of this regulation, however. 

Wells— Well water and filtered cistern water are used entirely for 
drinking purposes, as the public water supply is not recognized as fit for 
domestic use. Most of the private wells are dug, and from 20 to 80 feet 
deep, going through the soil and gravel down to hard-pan.. In thesouth- 
eaetem portion of the city, the wells go through a shale into gravel and 
the water comes to the surface. It is claimed that there is enough water 
in this section to supply the whole town. There are about a dozen drove 
wells in use. • These extend into the hard-pan for a few feet. 

l^per Scmdusky — Population 3,697. This village has electric lights, 
a water supply, some sewers, but no paved streets. The public water 
supply is from the Sandusky river. It is a quiet country village with 
not much manufacturing. The surface drainage and sewerage is to the 
Sandusky river and to small ditches emptying into that river. 

Sewage — The town has but an average sewer system, some seventy- 
five per cent, of the population having access to it. There are 5.2 miles 
of sewers with five outlets direct to the river and two to ditches. There 
are 104 closets and eight vaults connected to the sewers. Fifty of these 
closets are in the schools and jail. The large west side sewer empties 
Into Juvenals ran, which would be dry a greater part of the time were it 
not for the sewage. It is badly overgrown with weeds so that it holds the 
sewage until it decays, causing considerable nuisance. The river below 
town was not in bad shape at the time of inspection, .July 13, but it is 
said to go nearly dry and then smell from the sewage. 

Wells — There are about two hundred dug wells in town, which are 
used for domestic purposes. These are from 10 to 20 feet in depth and 
only go through the sand and gravel to the hard-pan, thus getting all sur- 
face water. There are about twenty drove wells. These go through the 
hard-pan to the limestone which lies about 65 feet below the surface. 
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Carey— Population 2,000. Carey has a public water supply and elec- 
tric lights but no sewers or paved streets* The water supply is from 
wells west of town. There are but few manufacturing plants in the 
village. 

Sewage — The surface drainage is to Spring run, then to Tymochtee 
creek which joins the Sandusky river 57 miles from its mouth. Carey is 
6ight miles by water from the Sandusky river. About twelve liouses 
have cesspools draining to Spring run through private sewers. All others 
use outdoor vaults. Even this small amount of sewage causes the run 
to become a nuisance in summer. It gets full of weeds and has to be 
cleaned out and flushed each year. 

Vaults are comtructed in any suitable manner, but must be 100 feet 
from wells. Slaughtering is done near Spring run, but the refuse is 
hauled away. Quite a number of hogs are kept within the corporation 
limits. 

Wells— The private wells are mostly drilled, but only from 6 to 20 
feet deep, getting their water just above or in the limestone. 

i^i?amare-- Population 1,500. This village has electric lights, but no 
sewers or paved streets. At the time of inspection a water supply was 
just being introduced. The water is to be pumped by an air lift from 
two wells, each six inches in diameter and 200 feet deep to a receiving 
well. The water will then be pumped to an elevated tank by a Snider- 
Hughes pump of 500,000 gallons capacity. There are four miles of mains 
in, with fire plugs attached, but no domestic services have been put in as 
yet. 

The surface drainage is to Sycamore creek, which joins the Sandusky 
fifty-one miles from the mouth of the latter. Sewers will soon be 
necessary Now every one depends upon shallow vaults and, in many 
cases, mere pits. 

Tiffin — Population 13,900. This city has nearly all the modern im- 
provements required, electric cars and -lights, paved streets, sewers and a 
water supply. The water is taken from the Sandusky river and from 
wells. The principal industries are two glass works, a pottery, three or 
four large machine and agricultural works, a door and sash factory, a 
small woolen mill and two breweries. 

Sewage — The accompanying map shows the locations of the eewers 
and their outlets. There are eight miles of sewers with 10 outlets to the 
Sandusky river and one to Rock creek. Some 80 per cent, of the popu- 
lation have access to the sewers, and there are some 450 vaults and water 
closets connected. An ordinance requires vaults to be made water-tight, 
but does not limit their distance from wells. All the old vaults are not 
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water-tight, usually being bosirded up only. There are quite a number 
of dry earth closets in use. 

The Pioneer Mill dam at the foot of Webster street backs the wMer 
up to the water works, so that the whole river in front of the city is back 
water. Into this back water is dumped all the sewage of the city. When 
the river is low this back water is very foul, it is covered with scum and 
gives q^ pretty strong odors, while the river bottom is overlaid with a 
thick layer of black sewage mud. When the dam is full the large quantity 
of waterseems to hide the sewage for a time, but if the mill did not use.the 
water, and it was compelled to stand for any length of time, the sewage 
would soon make the river unbearable. As it is, the water collects for a 
time and gets saturated with sewage, it is then turned down the riiier 
and the empty bed is left the putrefy and smell in the sun until more 
water comes down and fills it up again. A large pulp mill formerly 
turned its waste into the river, but this has been shut down /or some time 
past. As shown on 'the map, there are 12 slaughter houses and two 
breweries that turn their refuse into the river. A distillery and woolen 
mill also add their waste products to the river's fund of impurities. 

Wells — When the river is muddy, well water is used almost en- 
tirely for domestic purposes. This Water is principally from shallow dug 
wells, which only go to the limestone, some 16 feet down. All the new 
wells are drilled into the rock and get a fair water. Filtered cistern 
water is drunk to some extent. 

J^VemorU— Population 6,236. This city, the county seat of Seneca 
county, is a very pretty residence place and has considerable manufac- 
turing also. It is the head of the navigation on the Sandusky river, 
though but few boats come up now. 

Sewage— The surface drainage and sewerage is direct to the Sandusky 
river. There are about 16.5 miles of sewers, with four outlets to the 
river and giving about 75 per cent, of the population access to them. 
The sewers empty directly into the Sandusky at the most convenient 
point, except those of the west side, which empty into an intercepting 
sewer, running along the west bank of the river and provided with storm 
overflows to the latter. No record is kept of the sewer connections and 
no one would even venture an estimate as to the number, but it cannot 
be large, from the common use of outdoor vaults. An ordinance requires 
that all vaults shall be 50 feet from a well, unless they be water-tight, 
and this is required now. All the old vaults are not tight, usually only 
having plank sides, and some times not even that 

When the river is low the sewage causes considerable nuisance. The 
river becomes covered with a green scum, smells some and the bottom 
has considerable sediment This is especially true around the mouth of 
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the intercepting sewer. When the wind is up the river, it raises the level 
of the water a foot or more, but it probably never blows the sewage up 
past the water works on account of the old dam some distance below the 
intake. 

Wells— The city water, when clear, is used for domestic purposes by 
fully two-thirds of the people, but when muddy nearly every one resorts 
to private well water. This water is obtained principally from dug wells, 
there being only some 20 drilled wells in use. The dug wells go to the 
bed' rock, which is 16 feet below the surface near the river, and 45 below 
further back on the hills. The drilled wells are from 50 to 75 fc^t deep 
And go through the clay, hard-pan and gravel into the rock. 

Sandu8ky has been included in this group, but as its sewage bears no 
relation to the pollution of the watershed but does bear on its own water 
supply, it will be taken up in Qonnection with that subject. 

" ' PUBLIC WATER SUPPLIED. 

There are seven towns on this watershed that have public water sup- 
plies. Two only, Bucyrus and Upper Sandusky, use nothing but river 
water, though Fremont and Tiffin depend mainly upon the river. Fre- 
mont has galleries and wells to help out, while Tiffin has wells. Crest- 
line uses spring and well water. Carey uses well water, and Sycamore 
will in time be using well water. Sandusky which is grouped with 
this watershed uses the Bay water. Attica uses a well and gallery supply. 

Surface Water Supplies, 

Bucyrus— Fopul&iion 8,5 1 6. The water works was put in by a private 
company in 1883 and has cost to date something over $75,000. The com- 
pany operating the water works does so under a franchise granted in 1895. 
It previously worked under one granted in 1883. The following para- 
graph, from the last ordinance, specifies the kind of water to be supplied : 

"Said, * The Bucyrus Water Company,' /urlher agrees that it will 
construct within the period of eight (8) months, a reservoir, having a 
capacity of not less than 60,000,000 gallons and located at a point suita- 
ble and near to and in connection with the pipe distribution of said 
Company. 

" It is mutually agreed that the water with which said reservoir shall 
he filled, from which the water supply is to be carried into the system of 
distributing pipes of said company, is to be taken from the running 
waters of the Sandusky river, and shall be settled and filtered before 
being forced into the pipes for distribution for domestic use; and when 
so filtered, it shall be considered suitable for the requirements of this 
•contract." 
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The present source of supply is the Sandusky river. The only possi- 
ble source of pollution to the river within 10 miles is Knisely springs. 
This is a picnic ground about eight miles from Bucjrus and one-half 
mile back from the river. It has no sewage, but the surface drainage is 
direct to the river. Of course the most serious danger to the Bucyrus 
water is the village of Crestline 16 miles from the intake by river. The 
river water above the water works is not in good condition. It is covered 
with scum in many places and has a greasy, murky appearance. 

Owing to the small amount of water flowing in the river in summer, 
it is necessary to store a little water to tide over dry spells. The water 
compaby has a small dam one-half mile above the intake, which will hold 
back when full about 2,000,000 gallons. At the water works there is 
another dam which backs the water up over the intake pipe. This dam 
also retains something over 2,000,000 gallons. No attempt is made to 
protect these reservoirs, boys swim in them, barn yards drain to them, 
and hogs and cattle have access to them. ^ 

The company has purchased land for the reservoirs required in the 
franchige, but has not even started to build them as yet. When the 
works were first put in, the water was taken from a well near the river, 
but this soon failed and direct connection had to be Inade to the river, 
which is now the sole source. The river at the intake has a drainage area 
of 94 square miles. 

The old supply well, now serving as a pump well, is 60 feet in diame- 
ter and 30 feet deep, and is connected to the river by a 16-inch pipe ; the 
water stands 13 feet deep in the well or at the level of the rivcfr above the 
dam. It is covered with a conical board roof and no trouble is ex- 
perienced from growths. It was cleaned in 1892, but only a small 
quantity of mud was removed as the suction of the smaller pump is 
right on the bottom of the well and keeps it fairly clean. 

Direct pressure is furnished by .two pumps, both put in in 1883 and 
in fair condition now. One is a compound duplex Holly pump of 
1,600,000 gallons capacity and the other is a compound duplex Walker 
pump of 1,000,000 gallons capacity. 

Before reaching the mains, the water passes through two Hyatt pres- 
sure filters erected in 1886. They are the old style vertical filter, 10 feet 
in diameter and contain 2i feet of crushed granite and 1^ feet of coke. 
The filters are washed irom once in two days to twice a day, as the con- 
dition of the water requires. This is done by reversing the flow of water 
through the filter, aud is not assisted by any mechanical stirrer. Sul- 
phate of alumina is used when "necessary," which means hardly ever. 
Onl^ 11,700 pounds or about 30 barrels were used last year. The strength 
of the coagulant solution is varied according to the muddiness of the 
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If ater. In case of fire, the filters are cat out. A couple pf years ago the 
filters were cleaned out and a lot of rubbish, dead animals, etc., removed. 

There are 12 miles of mains in, which give some 70 per cent, of the 
population access to the water. There are 500 services in, of which 825 
are in use and 175 of these metered. The average daily consumption ia 
691,000 gallons, which, reduced 10 per cent for slip of pumps, would be 
622,000 gallons. Owing to leakage at the filters and to wash water, the 
average daily consumption is not over 550,000 gallons. The average daily 
consamptioQ per consumer is 280 gallons, but this does not mean much 
here, as the water is not used for domestic purposes at all. 

The yearly water rates are as follows: 

Private hoase, five rooms or less.. |1 26 

Each additional room 26 

Private bath tubs, each. 1 00 

Private water closets, each 1 1 00 

Private stables, per stall 76 

Meter rates per 1,000 gallons : 

Below 1,000 gallons per day.. 26 

5,000 to 10,000 gallons per day '. 10 

Above 10,000 08 

Upper Sandusky — Population, 3,597. The water works is owned by 
a private company operating under a iranchise granted in 1889, when the 
works were first built. The plant has cost to date about $70,000, The 
city may purchase ten years from April 23, 1889, and every five years 
thereafter. The franchise contains the following clause regarding the 
kind of water to be supplied : 

*' The source from which the supply of water shall be obtained is 
from wells Funk in the gravel banks of the Sandusky river or river water 
dispossessed of earthy matter by settling pools. 

" The wells are to be so constructed and protected that no surface or 
unfiltered river water shall enter them, the intention being to obtain a 
pure and wholfsome supply from a subterranean strata of gravel. 

'These wells shall be increased irom time to time as the wants of 
said village demand, and the source shall always be protected from pol- 
lution and contamiDatioD. 

*' A separate suction pipe may be run to the river to be us'ed in cases 
of great emergency only." 

The supply is taken at present direct from the Sandusky river at a 
point just above the city. The river at this point has a drainage area of 
about 285 square miles. Above the intake the river flows through roll- 
ing land, much of it being in pasture, which gives hogs and cattle free 
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access to the water. For the first few miles the river flows over a mud 
and gravel bottom, but above this the limestone outcrops and forms most 
of the bed. There are no villages to pollute the water within the 10- 
mile limit, the greatest danger being from the sewage of Bucyrus, 24 
miles distant. About a mile and a half above the water works is a collec- 
tion of large springs. It is claimed that in summer these springs supply 
the river entirely, and that no water flows above them, but inspection 
showed a small amount of water coming down the river. Two miles 
above the intake a small run brings in the drainage of the principal ceme- 
tery of the town. It is three-fourths of a mile from the river. 

At the water works the river is backed up by a small dam forming an 
impounding reservoir of about 500,000 gallons capacity. From this pond 
the intake pipe leads to a filter box, but usually the water passes direct to 
the pump well without filtering. It ii claimed that the direct connection 
to the river is used only when the latter is clear, and that when the river 
is high and muddy, the water is pumjJed to a large reservoir, allowed to 
stand a certain length of time, then passed to the filter box and filtered, 
then allowed to flow to the pump well. This storage reservoir is 325 feet 
long by 180 wide, and will hold 2,288,000 gallons. It has earthen em- 
bankments and floor, with no riprap or paving. It is protected from 
surface drainage by a ditch running along the crest of the hill above it. 
The reservoir was only built in 1895 and has not been cleaned since and 
no trouble is experienced from growths. 

The filter box is 11 by 20 feet and contains three feet of fine gravel. 
It is used to filter the water from the reservoir QnVy, and acts as a strainer 
merely. It is cleaned about once a month by Fcraping off the top 
layer and twice a year by removing and washing all the gravel. 

The pump well is So feet in diameter at the top ai!id 12 feet deep, with 
sides paved with rough stone. Originally tbts well supplied the town 
with ground water, but it soon failed and direct communication had to 
be made to the river. Some ground water is probably still supplied 
by it. 

Two Blake pumps of 1,500,000 gallons capacity each are used to 
pump the water to the standpipe. Theee pumps wt-re put in during 1889, 
and are in but iair condition at present. One pump working 14 to 16 
hours per day is enough to supply the town. This would give an aver- 
age Haily consumption of 325 000 gallons for the summer or an aveiage 
ot 2')0,000 gallons the year round. No records whatever are kept of the 
pumps and the above figures are estimated only. ' 

The standpipe was built in 1889 and is in bad shape now. It con- 
sists of a wooden tank 24 feet high and 28 feet in diameter, holding 95,000 
gallons, and placed on a circular brick tower 75 feet high. The water 
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mains cover practically the whole town, only 30 honses not having access 
to them. There are 456 services in, but only 350 of these in use, 11 of 
which are metered. Although one-half of the people have the public 
water in their houses or yards, it is estimated that fully 75 per cent, of the 
total population drink well or spring water. The average daily con- 
sumption per consumer is 110 gallons. 

The annual water rates are as follows : ^ 

Private house, five roomB or less $5 00 

Each additional room 1 00 

Private water close t«, each 2 00 

Private hath tahs, each 1 00 

Private stable, one horse and carriage 3 00 

Meter rates per 4,000 gallons: 

One thonsand gallons or less per day 25 

Over 5,000 Kallons ; 10 

Rivtr and Welle. 

Tiffin — Population 13,900. The water works is owned by a private 
company operating under a franchise granted December 1, 1879, and 
extending for 25 years. It contains no provision for purchasing works 
by the city and has the following clause regarding the water: 

'* That there is hereby given and granted to the * TiflBn Water Works,' 
their associates, successors or assigns, the exclusive right and privilege for 
the period of 25 years from and after the date of the passage of this ordi- 
nance, of supplying the city of Tiffin, Ohio, and the citizens thereof, with 
water to be taken from Euch points and in such manner as will best sub* 
serve the object and purposes of said ' Tiffin Water- Works,' their associates, 
successors or assigns, in complying with the objects and requirements 
herein enumerated." 

Nothing whatever is said regarding the kind or parity of the water 
to be supplied. 

The supply at present is taken from the Sandusky river and from 
wells. There is nothing to pollute the river for 10 miles above the in- 
take, except, perhaps, a picnic grounds a little ways up the river. These 
grounds are not much used now, but two dirty vaults still stand on he 
river bank. Tiffin is 34 miles by river below Upper Sandusky, which is 
the nearest serious source of sewage pollution. 

About 400 yards above the water works a dam impounds water for 
the city supply and also to furnish power to run the pumps for a part of 
the time, usually all night. The intake is just above the dam, the pipe 
leading to a small reservoir from which the water is pumped. There are 
seven drilled wells along the river bank which are pumped directly to the 
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mains. These wells aie from 200 to 268 feet deep, with a 10-incb casing;, 
and they are located 200 to 300 feet i^art, extending up and down the 
river valley. The suction from the pumps is connected directly to the 
casing and the water is lowered 24 feet during pumping hours. The 
water is hard but of good quality otherwise. The water is found in the 
Onondago limestone which outcrops in this locality. 

The co^npany claims that these wells supply all the city water 
except in cases of emergency, but these cases happen nearly every £um* 
mer afternoon, when the river water is turned into the mains to help onti 
They also claim that they intend to improve the method of pumping the 
wells so that no river water need be used at all. 

Direct pressure is furnished by three pumps, all made by the Holly- 
Manufacturing Co. One pump of 1,500,000 gallons capacity was put in 
in 1879, and is run by water power. A steam pump of 3,000,000 gallons 
capacity was put in about 1882, and another of 4,000,000 gallons capacity 
was erected in 1895. The average daily consumption is 900.000 gallons. 
This is only the estimate of the engineer, as no better figure could be 
obtained. The average daily consumption per consumer is 165 gallons. 
There are 26 miles of mains, giving about 75 per cent, of the population 
access to the water. There are 1,275 services in, of which only 900 are in 
tise and 100 of these metered. 

The meter rates are 30 cents per 1,000 gallons and 15 cents for the 
largest consumer. The flat rates seem to vary with the amount of in-- 
fluence the consumer has with the council. There are no definite fixed, 
rates. 

River and Oallery, 

/r«m(m<— Population 6,236. The waterworks was put in by the city 
in 1883 and has cost to date S160 490. 

The supply is from the Sandusky river, wells and galleru^. The river 
at the water works has a drainage area of 1,280 square miles. The only 
sources of pollution to the river within 10 miles are the small villages of 
Fort Seneca and Ballville. The first place is a small station just 10* 
miles above the intake. Ballville has some 300 inhabitants and is sit- 
uated on the river bank, so that all its surface drainage goes direct to the 
same. It has no sewerage. 

The river water is admitted by three 10-inch pipes to a reservoir ex. 
cavated in the solid rock below the river level. This reservoir is also 
supplied to some extent by three lines of from six to nine-inch vitrified 
tile, with a total length of 1.5 miles, which are laid in the gravel beds by 
the side of the river. The reservoir is 200 feet long, by 150 feet wide and 
the water stands six to eight feet deep in it usually, or at the river level 
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giving a capacity of from 1.4 to 1.8 million gallons' The reservoir is 
open, but its banks are carefully paved, and no trouble is experienced from 
growths or scum. It is cleaned of sand and mud by pumping out the 
water and raising the sediment in buckets, as the basin is too low for 
flushing. At the side of the reservoir is the pump well, 25 feet in diam« 
eter and 20 feet deep, and connected to the former by one 24-inch pipe. 

There are five wells 10 inches in diameter and 300 feet deep. They 
were put in during the fall of 1897 and supply abaut 230,000 gallons per 
day. The wells are 300 feet apart and extend up and down the river 
bank. The machinery for pumping the wells is inadequate, and they 
can probably supply more water with better machinery, although the 
water is lowered 40, 50, 70, 75 and 125 feet in the five wells respectively. 

The water is pumped to a standpipe by two Knowles' pumps, one 
a 3,000,000-gallon compound condensing duplex and the other a 1,000,- 
000-gallon duplex. The standpipe located in the center of the city is 
100 feet high and 25 feet in diameter, giving a capacity of 365,000 gallons. 
There are 10 miles of mains in with 856 services in, of which 720 are in 
use and 10 of these metered. About 75 per cent, of the total population 
have access to the water. The average daily consumption is 1,600,000* 
gallons and the average per consumer is 350 gallons. This is an enor- 
mous figure, and must be explained by the extravagant use of water in 
public fountains, watering troughs and for flashing sewers, and by the 
habit of allowing the water to run continually when it is muddy. 

The yearly water rates are as follows : 

PriVate honse, six rooms or less.. $5 00 

Each ad iitional room «.... 50 

Private water closets, each.. 2 00 

Private bath tabs, each 3 00 

Private slahle, one horse and carriage 4 2 00 

Meter rates per 1,000 gallons: 

One haadred to 600 gallons per day 25 

Over 4,000 gallons per day.. 10 

Well Swpply. ' 

Carey— Population 2,000. The water work was put in by the 
village in 1894 and has cost to date 828,500. The supply is from five 
wells, 60 to 60 feet deep amd 5§ inches in diameter. The wells obtain 
thei^ water in the limestone, which lies 14 feet below the surface. When 
the wells are not being pumped the water is within 13 feet of the surface 
and ordinary pumping only lowers it about a foot. 
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The water is pomped direct from the wells to a standpipe by two 
horizontal, compound, dnplex, Laidlow-Dnnn-Gordon pumps of 500,000 
gallons capacity each. The standpipe is 16 feet in diameter, 115 feet 
high and has a capacity of 173,000 gallons. There are four miles of 
main?, giving SO per cenU of the population access to the water. There 
are 125 services in use, of which four are metered. The average daily 
COL sumption is 100 000 gallons, and the average per consumer is 130^ 
gallons. 

The annual water rates are as follows : 

Private hoiue, iDcludiDg street spriDklioi^.. $6 00 

Private balh tnbp,each 2 50 

Private water closets, each. 3 00 

PrPvate stable, one horte and ctini»ge^ * 2 00 

Meter rates per 1,000 gallons : 

Oae handred to500 £ai]oiisptr day 30 . 

One thousand to 2,000 i^allons per day« 23 

Fonr thoosand or more gallons per daj 15 

f 

Well and Sprivg. 

CreHline — Population 2,968. The water works was put in. by the 
village in 1871 and has cost to date about $205,000. The operating ex- 
penses /or 1897-98 were $2,488. The supply is obtained from wells and 
springs 4^ miles east of the village. Two reservoirs have been built, 
one in 1871, holding 1,295,000 gallons, and one in 1888, and holding 
somewhat more than the first one. I'he second one is not in use at the 
present time. Not more than 3^ square miles of territory are tributary 
to these reservoirs, [and some of this drainage is diverted by ditches 
around the reservoirs. Springs in the bottom and along the sides of the 
first reservoir supplied the town until 1895, when three wells were drilled. 
The£e wells are 140, 170 and 180 feet deep and the water flows from them 
freely. A 20-day test of the wells only lowered the water 22 feet, and 
shortly after the pumping stopped the wells began to flow again. The 
three wells supply 150,000 gallons per day by their natural flow, but have 
to be pumped about 48 hours a we^k to keep up the supply. This pump- 
ing is done by a three-quarter million Worthington compound pump, 
which was put in in 1896. The wtrlls flow and are pumped to the first 
reservoir, which is 127 feet above the streets, and supplies the mains by 
gravity. The reservoir in use is formed by throwing earthern embankments 
across the ends of a ravine. Neither the bottom nor the sides are paved 
or ripraped. The bottom is covered with a foot or more of black mud 
and dead moss, and this covered with a thick layer of living moss. 
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When stirred, the mud gives off bubbles of gai which have a very disa- 
greeable odor. The superintendent is trying to get the^ reservoir cleaned, 
paved and covered, which would remove the only objectionable feature of 
the Crestline water-works. 

The water flows to the village through an 8-inch wooden pipe line, 
four and one-half miles long, but this furnishes an inadequate supply^ 
especially in case of lire. The water seems to reach the mains clear and. 
tasteless, but it must sooner or later be affected by the bad condition of 
the reservoir. 

There are 10 miles of mains in, giving some 90 percent, of the people 
access to the water. There are 370 services, of which 308 are in use, and 
65 of these metered. The average daily consumption is 275,000 gallons 
and the average per consumer is 150 gallons. 

The annual water rates are as follows : 

PriTate hoaae, 4 rooms or lens $3 50 

Private house, 6 rooms.... 4 00 

E%€h additional room 25 

Private water closets, each 3 00 

Private bath tubs, each 2 00 ' 

Private stable, one horse and carriage 2 00 

Meter rates per 1,000 gallons : 

From 1 to 10,000 gallons per jear.. 40 

From 10,000 to 500,000 gallons per year '. 12 

Well and Gallery. 

^ttt^a— Population 729. Although this village has a public water 
supply, it is as yet bears no relation to the pollution of the watershed. 
As soon as the water supply is generally introduced; sewers will become 
necessary and some means of disposing of the sewage then found. The 
surface drainage is to Honey creek, to which the sewers would naturally 
lead. There are no sewers or drains in use now, the storm water being 
carried off in ditches. No water closets have been put in, everyone de- 
pending upon the outdoor vault. 

Water Supply— The water works were put in by the village in 1895, 
and have cost to date about $17,147. The supply is from a large well and 
collecting gallery. The well is 28 feet in diameter and 25 feet deep. It . 
is built of brick and covered with a conical board roof. The water is 
found in a bed of gravel which begins eight feet below the surface. Vn 
this gravel is laid 800 feet of 8-inch tile, which carries the ground water 
to the well by gravity. The well and gallery have so far supplied sufii* 
cient water. The site of the water works is at present removed from all , 
local pollution. 
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The water is pumped to a standpipe by a Gordon pump of 500,000 
gallons capacity, operated by a Hicks gasoline engine. The standpipe 

• consists of a tank 20 feet in diameter and 25 feet height, with a capacity 
of 59,000 gallons, placed on a brick tower 40 feet high. The tank was 
cleaned in 1898 for the first time and a quantity of sediment removed. 
There are two and one-half miles of mains in, which give some 95 per 

•cent, of the population access to the water. There are 63 services in, 61 
of which are in use and 30 of these metered. The average daily consump- 
tion is 13 500 gallons, and the average for each consumer is 40 gallons. 
The annual water rates are as follows: 

Yard hydrant for one familj $8 00 

No baths or water cloEeto in uie. 

Meter rates per 1,000 gallons: 

Lees than 500 gallons per day..... 20 

600 to 1,000 gallons per day 15 

Over 3,000 gallons per day 06 

Where the public water is on the premises it is generally used for 
Hlomeetic purposes. 

The private water supply is from dug wells 20 to 25 feet in depth. 
These wells obtain their water from a bed of gravel and quicksand. As 
the ground is very porous and vaults are covered over when full, the 
:ground water cannot help but be polluted. 

Sandusky. Although Sandusky is not on the Sandusky river water- 
shed, it can very properly be considered in this group. Sandusky has 
an estimated population of 20,888 for 1898, but the city claims 22,000 or 
more. 

Sewage — The combined system of sewers is used, with some 31J 
miles in place, and 16 outlets to the Sandusky bay. There are 760 water 
closets and vaults connected to the sewers, representing the sewage of 
about 5,000 people. More than 75 per cent, of the population has access 
to the sewers. There are about 10 chy earth closets in use, all the rest 
of the houses using vaults, except those sewered, of course. All new 
vaults must be constructed of brick, stone or plank, and be as water-tight 
as possible, and none shall be less than 25 feet from any well or cistern. 
The sewage never seems to cause any nuisance, but as will be mentioned 
below, it may pollute the public water supply. 

Water Supply — The water works was put in by the city in 1876 and 
has cost to date $572,603. The supply is from the Sandusky bay through 
an intake crib east of the city as shown on the map. Of course the bay 
water cannot be in first-class condition after receiving all the sewage 
brought down by the Sandusky river, but the source of this pollution is 
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-at least 35 milefi distant and the dilution is so great that it can have but 

tlittle if any influence. , < 

The most serious source of danger to the water is the sewage of San- 
dusky itself. As shown on the map there seems to be two main currents 
in the bay, one going out past Johnson's Island and the other sweeping 
up past the city docks and out past Cedar Point. As the sewage of the 
city empties into the bay along the whole water front this second current 

-carries all the city sewage. If the wind is blowing to the southeast, this 

• current will be carried over to the intake crib and the city run very good 
chance of drinking sewage polluted Water. 

The intake crib is connected to the pump well by 1,800 feet of three- 
foot brick conduit, through which the water flows by gravity to a pump 
well. The intake is 1,200 feet from the shore line. The water is pumped 
from the receiving well to a standpipe, or direct in case of fire, by two 
' Worthington pumps. One of 3,000,000 gallons capacity was put in in 
1876 and the other of 7,500,000 gallons capacity in 1890. 

The standpipe is 180 feet high and 25 feet in. diameter, giving a 
capacity of 662,000 gallons. There are 40.4 miles of mains giving practi- 
cally every one access to the water. There are 2,873 services in, of which 
-462 are metered. 

The average daily consumption is 3,633,800 gallons which reduced 

6 per cent, for slip and leakage would make the daily average 3,450,000 

: gallons. The average per consumer is 200 gallons and for the whole city 

the per capita consumption is 165 gallons, showing the almost universal 

• use of the city water. 

The yearly water rates are as follows: 

PrWate hoasp, &▼• rooms or less |6 00 

Each additional room 1 00 

Private water cloBets, each 2 60 

Private bath tubs, each... ,, 3 00 

Private stable, one horse and carriage.. 3 00 

The meter rates are six cents per 1,000 gallons with certain minimum 
-charges for the diflerent S'zed meter?. 

No private wells are allowed in the thickly settled portion of the city 
and the only well water used comes from some 40 dug wells in the outskirts. 
These wells only go to the limestone, which is not more than five to 10 
feet below the surface. Spring and filtered cistern water are drunk to a 
limited extent. 

Thus it is seen that it is very important that Sandusky should have 
a pure water supply, as it is the only city in the whole group whose inhabi- 
>tante must depend almost entirely upon the public water supply. Besides 
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the danger from sewage pollution, the bay water is objectionable on account 
of its mnddinesB after every storm. As the average depth of the San^ 
dusky bay is only seven or eight feet, every high wind stirs up the bottom- 
completely and makes the water very muddy. 

The following table gives a summary of bath the water supply audi 
sewage of the seven principal towns of the group : 
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THE MAUMEE WATERSHED. 

TERRITORY INCLUDED. 

The Maumee watershed comprises the northwest comer of Ohio 
with adjacent portiohs of Indiana and Michigan. It has a total area of 
6,344 square miles, of which Ohio has 4,702, Intliana 1,303 and Michigan 
389. In Ohio the watershed contains all of Williams, Defiance, Paulding, 
Van Wert and Allen, and parts of Mercer, Auglaize, Shelby, Hardin, 
Hancock, Wyandot, Seneca, Putnam, Henry and Fulton counties. In 
Indiana it includes parts of Steuben, De Kalb, Noble, Allen, Wells and 
Adams counties; in Michigan only parts of HiUsdale and Lenowee 
couQtiesw The southern part of the watershed is very flat, the broad 
plains being broken only by the gentle rises of the glacial moraines, and 
by the river valleys. The northern part of the watershed is not quite so 
level, the moraines are higher and the valleys deeper. 

This whole region was at one time well covered with hard wood 
forests, but now all the heavy timber has been used up and the fields are 
gradually being cleared, though there are thousands of acres still left with 
their old stumps, brush and small timber just as the 'lumberman left 
them after taking out the best pieces. 

On the cleared land corn is the chief crop especially in the southern 
part. Farther north the stock and dairy interests are large. 

DRAINAGE. 

The Maumee river flows northeast through the center of the water- 
shed and empties into the western end of Lake Erie* Its principal . 
tributaries aire the St. Joseph and Ti£Bin rivers from the north, and the 
d);. Mary and Auglaize rivers from the south. The St. Mary and St. 
Joseph rivers unite at Fort Wayne and form the Maumee riveir from there 
down, while the Tiffin and Auglaize rivers enter the Maumee at 
Defiance, giving the watershed a leaf or fan-shaped appearance. The 
Auglaize river has two quite large tributaries, the Ottawa and Blanchard 
rivers which enter it from the east. 

The whole territory has been glaciated and the tributaries follow the 
depressions between the moraines while the Maumee has cut across them. 
In glacial time Lake Erie extended as far as Fort Wayne, covering a 
large portion of the Maumee valley and the outlet of the l9,ke was through 
the Wabash river. Then the ice moved out of the St. Lawrence b&sin 
an^ gave the lake a lower outlet to the east. This caused all the territory 
tiihutary to the old lake to drain into the Mauniee river whi&h occupied 
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the bed of the now vanished lake. The 8t. Maryland St. Joseph rivers^ 
formerly emptied into Lake Erie near its outlet to the Wabash. Then 
when the water was lowered they had the choice of flowing to flie Wa- 
bash or doubling- back into the old bed of the lake. Some peculiarity of 
slope made it easier to turn to the eastward than to continue tl^eir old 
course to the Wabash. « 

The territory drained by the Auglaize and St. Mary rivers is ex- 
tremely flat and the drainage is poor, leaving the ground wet or even 
swampy in places* For successful cultivation all this land must be care- 
fully ditched and tiled, which is now being done to a large extent. When 
this land was well wooded arid no ditches cut, the streams must have had' 
a very uniform flow throughout the year. Even at the present time with 
the forests cut away and the whole country ditched, the flow is remarka- 
bly uniform owing to the extreme levelness of the country. 

North of the Maumee the country drained by the Tiffin and St. Joseph 
rivers is more hilly and the flow is kept up by the large number of 
springs. The ditches are supplied with ** fountain water," in the language 
of the section. 

The Maumee river has a length of 150 miles in which there is a fall of 
164 feet, or an average of 1.1 ieet per mile. This is a very email fall and 
makes the stream very sluggish. The Auglaize river has a length of 74 
miles with a fall of 4.4 per mile, giving it one of thp best currents in the 
watershed.* It drains an area of 2,504 square miles. 

The St. Mary river is 100 miles long, has an average fall oi 2.38- 
feet per mile and drains an area of 784 square miles. In Indiana its fall 
is very much below the average, making its current there very slow. 

The St. Joseph river has an average fall of 3.13 feet in its 100 miles of 
length and a watershed of 1,132 square miles. Just the reverse of the St. 
Mary, its greatest fall is in Indiana where it is utilized by three mills. 

The Tiffin river has a length of about 65 miles with an average fall 
of 4.5 feet per mile and drains 669 square miles of territory. 

POPULATION ON WATERSHEDS. 

In estimating the population on the watersheds the census of 1890 is 
used for the rural population, and the estimated populations for 1899 for- 
all the larger cities and towns. This makes the total population approxi-- 
mately correct, as the rural population changes but little if any. 

In Indiana and Michigan the populatiotts for the towns could not be- 
closely estimated, but the best figures obtainable were used. 

The total population on the Maumee watershed is 612,206, of which < 
456,794 is in Ohio, 136,271 in Indiana and 19,141 in Michigan. As the> 
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lotal area is 6,344 square miles, the average density per square mile is 
'96.5. This includes rural and urban population. 

A separation of the total . population into urban and rural has been 
made, though but little value can be given the figures, except as they may 
•show where pollution may be expected. All cities and villages with an 
estimated population of 1,000 or over for 1899 are classed as urban. This 
-small figure was chosen so as to include in the urban population all 
villages that would have any sewage, or should have any. There are a 
large number of villages just within this class that have no sewerage but 
are just beginning to feel the need of some ; and there are quite a number 
that have a fair proportion of sewage. If a larger figure were chosen, 
there would be a number of villages classed as rural that have some 
sewage. The intention is to keep out of the rural population all villages, 
the inhabitants of which pollute the streams to which they drain more 
than the same number of isolated farm houses. 

The total rural population on the watershed is 281.133 or an average 
^lensity of 44.3. In Ohio alone this figure is 43.8, in Indiana 46.6 and for 
Michigan 42. 2» showing considerable uniformity in the distribution of the 
rural population throughout the watershed in the different states. The 
urban populations are not so evenly distributed, the average per square 
mile in Ohio bding ^.3, for Indiana 57.9 and for Michigan only 14.3, 
while the average for the whole watershed is 52.2. 

In order to show the area of the various watersheds in the diflferent 
states, the distribution of the total population in all the subdivisions, and 
the average population per square mile in all the divisions, the* following 
tables have been prepared : - 



TABLE I— Abbas ov Watbbshbds in Square Mijubs. 



St. Mary river 

Bt. Joseph riyer 

.Auglaize riyer 

Tiffin river 

*Maamee river.. 

Maamee watershed 



Ohio. 



Indiana. 



427.54 


366.08 


22546 


662 87 


2,370.66 


133 07 


574.16 




1,903 96 


161.65 


4.701.68 


1,303.67 



Michiga 



243.96 



94.87 



338.83 



Totals. 



783.62 
1,132.29 
2,603.63 

669.03 
1,265.51 
6,344.08 



* Maumee river incladea only the direct drainage to the river iiself. Blanchard river drain- 
age area ■* 921.47 sqaare milei. Drainage area below Toledo water works « 101 .'08 equare miles. 
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Table No. 1 shows the area of the four principal tributaries in the 
three states, also the areas draining to the Maumee river direct, without 
first entering one of the large tributaries, while the totals represent the 
whole Maumee watershed. 

Table No. 2 shows the distribution of the rural, urban and total 
populations on the various watersheds in the diSerent states. 

Table No. 3 shows the average population per square mile, urban, 
rural and total on the different divisions. This table is merely a combi- 
nation of Nos'. 1 and 2. 

The total population for the Maumee watershed includes Toledo and 
the population drained by Swan creek. As this drainage enters the 
Maumee below the Toledo water works intake, it could very properly be 
excluded from the total watershed. The Maumee at Toledo is hope- 
lessly polluted, and any addition will cause no harm, except as it pollutes 
the lake. No public water supply is endangered by the pollution. The 
total area of the watershed below the Toledo water works is 101.1 square 
miles, and has a rural population of 5,175 and an urban population of 
126,b00, or a total of 131,175. This would affect the average urban 
population considerably and should be borne in mind when referring to 
those figures. The average urban would drop from 52.2 to 32.8 per 
square mile. 

These figures on the populations have been given to show where 
pollution is most liable, the more densely populated districts being more 
liable to pollution. A dense rural population is dangerous on any water- 
shed, the run-off from which is used for a public supply. The average 
farm yard usually contains a manure pile, a hog pen and an outhouse, 
sometimes provided with a vault but frequently not, so that every rain 
washes the accumulated filth to the nearest water cdurse. The pollution 
is not large and might not show in a chemical or bacteriological analysis, 
but just such isolated houses may spread any infectious water-borne disease 
which the inmates may have. And Buch diseases are prevalent in these 
houses due to the poor location and unsanitary condition of the wells. 

POLLUTION. 

In reporting on the specific pollution due to city sewage, objectiona- 
ble manufacturing, etc., the Maumee river will be followed from its 
source up, noting all .causes of pollution and bringing in each tributary 
watershed in the proper order. No attention will be paid here to the 
pollution of the river below the Toledo water works, as it bears no rela- 
tion to public water supply and during the present order of things never 
will. No city or town will ever attempt to use Lake Erie near the mouth 
of the Maumee for a water supply. From the water works down the 
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Maumee deems to be dedicated to the public as an open sewer, and will 
probably continue so to be. 

The public water supplies of all cities and towns will be described at 
the end of this report so as to make them more accessible and not to 
burden the body of the report 

SOUBCBS OP POLLUTION. 

Lucas County CMldrens' Home — Above the Toledo water works the 
first thiog to pollute the Maumee is the Lucas County Children's Home. 
The institution has 110 inmates besides the officers and help. It has a 
water gtipply from the Erie canal and a complete sewer system discharging 
directly to the Maumee. There are eight cows, two horses and any 
number of hogs kept on the farm on the river bank. Any epidemic in 
this home would seriously endanger the Toledo water supply, which is 
taken from the river about five miles below. 

Club Houses — For several miles above Toledo there are a number of 
club houses and fishing places which send considerable filth to the river 
especially during the sutiamer season. 

Perrysburg — Population 1,600. This village ison the east bank of the 
Maumee and sends its surface drainage to that river and to a creek which 
enters the river some miles below. There are no sanitary sewers in town 
or any objectionable manufacturing and the only pollution is from dirty 
streets and yards. 

Mawmee — Population 1,532. Maumee is just above and across the 
riyer from Perrysburc:. It has no sanitary sewers and sends surface 
drainage only to the Maumee river and to the canal which pas.<^s through 
the town. It is quite a business town and will soon find sewers necessary. 
iBoth Perrysburg and Maumee have a few houses with private sewers to 
the river. 

Orarid Rapids— There is a state dam located at this village to feed the 
Miami and Erie canal. It is 1,610 feet long with a height of 5^ feet and 
backs the Maumee river up 19 miles, a little past Napoleon, 

Bad Creek — This creek enters the Maumee 36 miles from its mouth. 
Bad creek drains Colton, Delta, Siney and Winameg, all classed as rural 
except Delta. 

Delta — Population 1,451. Nearly all the streets of this village are tiled 
and some of these are used as eewers, carrying the drainage from kitchen 
sinks, a few vaults and three closets to Bad creek, which enters the river 
12 miles away. This small amount of sewage from about 30 persons only, 
seems to cause no local nuisance. Along Bad creek are located an ashery, 
<ihewe factory and a large |saw milL These cause some nuisance from 
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dumping refuse into the creek. The eaw mill inoreasea the orgatiic matter* 
with its piles of decaying sawdust The ashery is in operation only in- 
summer. It reduces wood ashes for potash and soda. The surfjeu^e- 
drainage is pretty bad from the filthy condition of the yards and alleys. 

There are no regulations regarding the construction of vaults andr 
they are built to suit owner, which means poorly built Night-soil is^ 
generally hauled to the country, but some is buried on the premises. 

Most of the private wells are drilled and from 80 to 90 feet deep, with' 
some surface wells 12 feet deep. Some of the deep wells flow, in fact, the 
whole country is full of springs which keep up the summer flow of the- 
creeks to a remarkable degree. « 

Creameries-'BeLd creek drains a grass country and small creameries 
are very numerous on its head waters. Some of these cause a local nui- 
sance, unless the refuse is fed to hogs, and hog pens are not considered a 
nuisance. 

SoiUh Turkey Foot Creek — This creek enters the Maumee and is 37 miles- 
above the outlet It drains the villages of Malinta, Hamler, Ridgeland, 
New Bavaria, Pleasant Bend and Holgate, all of which, except Holgate,. 
are considered rural. These small villages may have a saw mill, a tile mill 
or grist mill, but they seem to add no more pollution to the stream than 
would a similar population on isolated farms. Hamler has a creamery 
draining to the creek. 

fib/yote— Population 1,500. This is a dull, spread-out village, with no 
paved streets, electric lights, water supply or sewers and not much business. 
The town site is very flat and poorly drained. The street drains empty 
into Brush creek, a branch of Turkey Foot. There are no vault or 
closet connections to the sewer. 

Va^ilts are required to be built of brick or plank, but regulations are- 
not enforced. A few dry earth cloeets are in use. Night-soil is hauled to 
the country. The industries consist of a grist mill, creamery and two- 
stave factories. The creamery runs the year round and causes a nuisance 
in the summer from the decaying refuse, which is run to a hole in the 
ground. The slaughter houses are north of town, no killing beiog 
allowed within the corporation. 

The wells are all driven and from 80 to 130 feet dtep. The water 
is obtained just above or in the rock which lies at the above depth. 

North Turkey Foot Creek— Th\& creek drains a small watershed on which 
there are only the villages of Beta, Liberty Center and the town of 
Wauseon. It enters the Maumee river justopposite South Turkey Foot* 

JFaiweon— Population 2,210. This town is the county feat of Fulton 
county and has a public water supply from wells south of town, electric 
lights and sewers, but no paved streets. 



STATE .BOARD OF HEALTH. 13$ 

There are 5^ miles of tilicg, almoet all of which is used as sanitary 
sewers. These sewers empty both north and south into ditches which 
empty into Turkey Foot. The sewers give about 60 per cent, of the 
population access to them, but a much larger per cent, have drains for 
surface water only. There are 54 closets connected directly with the 
sewers and a few closets running to cesspools which are connected 
with the sewers, in all, the sewage from some four hundred and fifty peo- 
ple is carried to the creek. Owing to the large number of springs flowing 
to the ditches, the sewage causes but little nuisance except in the driest 
weather, then it is necessary to clean out and flush the ditches. 

There are no vault regulations, a number of people having holes in 
the ground, which are covered when full, and some have- no pretense of a 
vaul4. Most of the night-soil is buried in the country. 

The industries consist of a grist mill, saw mill, two tile works and a 
creamery. The latter is on the ditch north of town and discharges all its- 
refuse into same. It is too far removed to cause complaint, but it is v^rj^ 
foul during dry weather. 

Most of the private wells are drilled into the rock from five to 30 
feet, and as the rock is from 165 to 180 feet down, the wells are quite deep. 
There are still lelt a few surface wells, these being about 85 feet deep. 

(The public water supply is described at the end of the report ) 

Henry County Infirmary — A small run entering the Maumee just below 
Napoleon brings in the surface drainage from this institution. The build- 
ings are old and have no sewer system. There are 50 inmates, attend- 
ants and the usual amount of stock on the place. 

iVapo&on— Population 2,543. This town is the county seat of Henry 
county and is situated on both sides of the Maumee xiverand about 35» 
miles from its mouth. The Miami and Erie canal also runs through the 
town. It has a public water supply from the Maumee river, paved streets,, 
electric lights and some sewers. The town is kept up mainly by the fact 
that it is the county seat. 

Both the sewers and surface drainage go to the canal and river. 
There are 2.8 miles of sewers with two outlets to the river and one to the 
canal. The upper outlet to the river is but a few rods below the water 
works intake, and as this point \& in the back water of the Grand Rapida 
dam,, there is great danger of contamination of Napoleon's water supply 
from its own sewage. The current in the river is very slight and can 
easily be influenced by the wind. 

There are not more than 50 connections to the sewers, representing 
about 300 people. Owing to the large amount of water, the sewage 
causes no nuisance, except perhaps that flowing to the canal, which to- 
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getber with dirty surface water, causes some local complaint in hot 
weather. 

Vaults are required to be water-tight, and must be 50 feet from wells. 
-Quite a number of vaults are not so constructed, especially the old one& 

The river water is not much drunk, nearly every one using private 
well water. Tbese wells are nearly all dug, and 25 feet or less in depth. 
A few drove wells get their water on top of the shale, about 60 feet down. 

State Dam— Thirteen miles above Napoleon and five below Defiance, 
is a State dam to divert part of the Maumee to the canal. It is 400 feet 
long, 7 feet high, with flash boards 1 foot high, and backs the water up 
into Defiance. 

Z)e/Ianc6— Population 9,759. It is the county seat of Defia^ice county, 
and is situated at tbe junction of the Tiffin and Auglaize with the 
Maumee river. The surface drainage of the city is to all three rivt-rs, 
but the sewers empty into the Maumee and Auglaize rivers only. The 
Miami and Erie canal also passes through the city and receives some of 
the surface drainage. Defiance has a great deal of street paving, electric 
lights, water supply, and at one time had street' cars. Its water works is 
-owned by a private company, and the water is taken direct from the 
Maumee just above the entrance of the Tiffin river. 

There are 11.93 miles ol sewers, giving some 60 per cent, of the pop- 
ulation access to them. The sewers empty into the rivers at the most 
convenient place; 12 going to the Maumee and five to the Auglaize, 
also a ditch which empties into the latter river. There are about 250 
•connections to the sewerp, which send the sewage of some 1,500 people 
direct to the river. A few vaults and cesspools are connected to the 
sewers also, but they are not allowed. 

There are no vault regulations, and the vaults are poorly constructed. 
This is very bad, as the hydrant water is not drunk at all, and the city de- 
pends entirely upon surface well water. The wells are shallow, only 8 to 
30 feet deep, getting the water in a bed of gravel just under the surface 
soil. 

The principal industries are hoop and heading factories, carriage and 
wagon shops, strawboard works, woolen mills and a stove foundry. The 
woolen mill and strawboard works discharge their refuse into the canal, 

which joins the river here. 

# 

Auglaize River — This river brings in the drainage of Ada, Bluffion, 
Columbus Grove, Continental, Delphos, Dunkirk, Findlay, Forest, Lima, 
'Ottawa, Paulding, Payne, Spencerville, Van Wert and Wapakoneta, all 
of which are considered as urban ; also any number of small villages that 
-are classed as rural. 
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OofUiiketUal — Population 1,600. This village has a public water 
eupply./rom wells, and electric lights, bot no paved streets or adequate 
sewer systen. The storm drains empty into Powell creek and Blancbard 
river. There are several closets connected with the drains to Powell 
creek. The village has no health officer and every thing is in very poor 
condition. Vaults are filled and covered with dirt, slaughtering is done 
in town, and offal is fed to hogs, many of which are kept within the 
corporation. There are but few private wells in town, nearly every one 
using the hydrant water. The few wells are drove and go to the rock 40' 
feet down. 

Flat Rock Creek — This is the second creek bringing urban drainage- 
to enter the Auglaize river. On this watershed are the towns of Pauld- 
' ing and Payne in Ohio, and Monroeville in Indiana, together with several 
small villages. 

PattWtngr— Population 1,900. This village is the county seat of 
Paulding county. It is situated on Flat Rock creek and nine miles from» 
where it enters the Auglaize riv^r. 

Paulding has paved streets, electric lights, but no public water supply 
or sanitary sewers. Many of the streets are sewered to the creek, but for 
storm water only, no closets or vaults being allowed to connect. Not- 
withstanding this, there are a few cesspools in town with connections to 
the storm ^ewers, one irom the hotel causes considerable nuisance in the 
summer. The jail has flush closets sewered to the creek, and the school 
house has a cesspool which drains there also. Thus a variable popula- 
tion is sewered to the creek, depending upon the number of inmates in 
jail, and also if the school is in session or not. During the summer the 
sewage of not more than 50 people enters the creek. 

There are no vaults in town, the box system being used almost en- 
tirely. Night-soil is buried just northeast of town and near the creek. 

The town has no industries beyond the tile and saw mills. 

Private wells are nearly all drove and drilled, getting their water 
a few feet down in the limestone which lies 30 feet below the surface. 

Paulding County Yn/Srmary— This institution is two miles northeast 
oi Paulding, near Flat Rock creek. It is an old place, 'with no modern, 
improvements, and has some 64 inmates. 

Payne — Population 1,500. This town is on Flat Rock creek, 12 miles- 
by water above Paulding. It has no paved streets, electric lights, water 
works or sewer system. The town site is very flat, and the streets have- 
to be well tiled to carry off the surface water. These drains empty into 
Flat Rock, which gets all the surface water of the town. Closets and 
vaults are not allowed on the sewers and none were found. Most of the* 
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•drains are too shallow to drain the cellars, and none of these conveniences 
are used, as the ground water is very near the surlace. 

It is estimated that one-fourth of the town use boxes in the out- 
houses, the rest havii;ig vaults. Night-soil is buried west of town. There 
is some slaughtering done in town which has caused a nuisance. 

The industries are several saw mills, tile mill and an ashery. The 
latter runs only in the summer. 

Monroevillej Indiana — Population 1,200. This town is 12 miles above 
Payne on Flat Rock, to which all its drainage goes. It has no sanitary 
eewers or closets connected with the drains. 

lAMe Auglaize River — This river joins the Auglaize 20 miles above 
the mouth of the latter at Defiance. It drains nearly all of Van Wert 
oounty and part of Paulding. The only town that can be classed as 
urban in this whole district is Van Wert, all the rest being small villagee, 
eupported by the country around and a few tile and stave mills. Nearly 
all the timber has been cut away and the lumber interests are dead. This 
has stopped the growth of the villages, and in some cases nearly depopu- 
lated them. 

Vcvn Wert — Population 7,000. This town, the county seat of Van 
Wert county, has paved streets, electric lights, a public water supply from 
wells, but a poor sewer system. In fact nearly all the sanitary sewers are 
semi-private affidrs. In all there are 4.2 miles of sewers. This includes 
public and private. These have 13 outlets to Town creek, which runs 
through the city, and have some 60 closets connected with them, and 
-carry to the creek the sewage of some 400 people, as one sewer is from the 
hotel. 

All water closets that are connected with the sewers or with the sewer 
itself must have cesspools. This keeps all the solid matter out of the 
*creek and prevents deposit of sewage in its bed. The sewers cause a 
nuisance in the summer when the creek goes dry, and their outlets have 
to be limed to mak^ the creek bearable. There are a number of vaults 
that are drained by the sewers ; in fact a town ordinance requires that all 
vaults be so drained, unless said vaults are water-tight. Most of the 
vaults are water-tight and kept cleaned out. Night-soil is taken to the 
city dump and buried. This dump is one mile southwest of town and 
drains to Maddoz creek, a branch of the Little Auglaize river. 

The private well supply is from shallow dug and drove wells princi- 
pallv ; these wells are 16 to 24 feet deep, and get their water in a bed of 
•quicksand just below the clay soil. A few drilled wells go to the rock. 

The manufacturing products are pianos, potash, doors and sashes, 
carriages, wood work, oil well supplies, tiling, etc. None of thes6 seeiR 
to cause any nuisance. 
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Van Wert County Jn/irmary— This institution is four miles east of 
Tan Wert, near Dog creek, a branch of the Little Auglaize. It has a 
water supply and a sewerage system, the latter going through a small 
-ditch to Dog creek. There are usually about 30 inmates at the place. 

Blanchard iJttw —This stream enters the Auglaize river from the east 
and 24 miles above Defiance. It has a watershed of 124 square miles 
and drains nearly all of Hancock and parts of Hardin, Allen and Putnam 
counties. On its watershed are located the towns of Bluffton, Dunkirk 
Findlay, Forest and Ottawa, with the usual array of small villages. 

Otoii^a— Population 1,978. This town is the county seat of Putnam 
•county. It has paved streets, electric lights, but no water supply or ade- 
quate sewer system. The town i6 located on the north bank of the 
Blimchard river and south of Towe run, its surface drainage and sewage 
going to both. 

All public sewers are for storm water only and house connections 
are not allowed, though it is said that a few have slipped connections in. 
There are several private sewers with one or two connections each empty- 
ing into the river, three of these emptying into the " Swale," an old 
channel of the river. This ''Swale" is full of stagnant water, and the 
sewage and the wash water from a steam laundry cause it to become a 
nuisance in summer. A saw mill on the banks of this place has drained 
the mouth of it so as to have water for its work and the water in the 
" Swale" is never changedjexcept during high water when the river clears 
it out. This old river bed is a menace to the health of the community, 
and should be filled up or cleaned out and drained. 

The court house and jail have private sewers to Towe run, which 
enters the river just west of town. In all, the sewage of about 160 
people finds its way to the river. 

Vaults must be water-tight and 50 feet from a well,' but these regula- 
tions are not enforced, and vaults are constructed to suit the owner. 
There are a few dry earth closets in use. Nightsoi) was formerly buried 
in a dump just west of town, but the lease has expired and it is now 
buried anywhere. 

On the east side of town nearly all the private wells are drilled from 
50 to 190 feet deep and strike the rock from 40 to 90 feet down. The west 
side wells are dug from 10 to 20 feet deep and find their water in a sand 
vein. 

The industries consist of wheel and spoke factories and two cream- 
eries. All these are on the banks of the river and send their waste di- 
rectly into it. Quite a num'ber of hogs' are kept within the corporation 
limits, being tolerated until complained against. 



138 ANNUAL- REPORT 

PuinamChuntylnfirrnary^Thi&ijxBiiiuiion is five miles northeast of 
Ottawa. It has a water supply from a 90-foot drove well, and pumped to 
tanks by wind engines. There are three water closets in the building and 

• three outdoor vaults, all connected tq an 18-inch sewer, which empticB 
into a ditch three-fourths of a mile away, and this empties into the Blan- 
chard river one-half mile below. There are 52 inmates in the place, which 

' is a fair average. 

B ufflon — Population 1,400. About three miles above Ottawa the 
Big Reilley creek brings in the drainage from Blufiton, some 16 miles up 
the creek. This town has a public water supply from wells. It has 
ele'ctric lights but no sewers or paved streets. 

Quite a^number of the streets are tiled to the creek, but no connec- 
tions are supposed to be made with the drains. One of the hotels, how- 
ever, has a drain from the vaults to these storm sewers. There are about 
10 water closets in town which have private sewers to the creek. Vaults 
are required to be 75 feet from wells, but the regulation is not enforced. 
Vaults are usually J3uilt of stone or brick, but not water-tight; quite a 
number of boxes are used. Night-soil is removed to any convenient 
place. 

Most of the private wells are drilled a few feet into the rock, which> 
lies from 12 to 20 feet below the surface. The industries consist of a iew 
saw and grist mills, also a creamery, but that is not running now. 

Mndlay — Population 20,000. Pindlay, the county seat of Hancock 
county, lies on both sides of the Blanchard river and 40 miles from itck 
mouth or junction with the Auglaize. The town has paved streets, - 
electric lights, street cars, a fair sewer system and a public water supply 
from the Blanchard river. 

The surface drainage and sewers go to Eagle creek and Blanchard' 
river. A small run entering the* river on the north drains part of the 
the town. There are 12.2 miles of sewers, giving about 60 per cent, of 
the population access to them. With these nearly 500 water closets and 
vaults are connected, representing about 3,000 people. The sewers have 
four outlets to Eagle creek, and five to Blanchard river. The sewage en-> 
tering the river seems to cause but little nuisance, but that going to 
Eagle creek causes a good deal of trouble during low water. The creek, 
goes nearly dry in summer, and the sewage collects in the pools where it 
decays, causing very foul odors. A greater part of the year the creek 
does not contain water enough to carry off the sewage deposits, and this- 
leaves the bottom of the creek covered with a filthy black mud. One- 
sawer with about SO connections, empties into an old %uarry near the T. 
& O. C. tracks. This pond has no outlet, btt.t the sewage causes no» 
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nuisance, as the water seems to be changed through underground ch 
nels. The greatest objection to this as a dumping place for sewage is the 
danger of the contamination of the ground water. 

Vaults are not water-tight, and are constructed to suit the owner. 
They must be cleaned at least yearly, and the night-soil taken to the 
country and buried. There are quite a number of dry earth closets in 
use. Garbage is cremated, as is also a little night-soil. 

The private well water is drunk a good deal, especially when the 
river water is muddy or the reservoir is low and the water smells. These 
wells are both drove and dug, the water being obtain'ed for both kinds in 
or just i^bDve the rock, which varies from on the surface- to 30 feet below 
it. 

A glycerine factory northeast of the city, sends its waste, principally 
sulphuric acid, to the Blanchard river througa a combined ditch and 
sewer, which enters the river just below the water woi^b dam. Another 
glycerine factory was found to send some refuse to the river above the 
water works, polluting the public water supply. 

The principal manufacturing establishments are a glass works, pot* 
teries, nail works, wood working shops, etc. There is also a brewery 
which sends its waste direct to the river through a short sewer^ There is 
a grist mill 2^ miles below town, which uses water power furnished by 
the Blanchard river. Its dam is 200 feet long and 5 feet high, backing 
the water up into the city. 

Jbres^— Population 1,267. This town has electric lights, but no 
paved streets, sewers or public water supply. The drainage is north to a 
swamp drained by the Blanchard river and south direct to the same river. 
There are a number of tile drains in town, but not enough to carry oflf 
the surface water. During heavy rains the sewers back the water up and 
flood the lew cellars drained by them. There are no closets or vaults 
connected with the sewers. The* old vaults in town are planked or in 
some cases mere holes in the ground, but the new ones must all be brick, 
or boxes have to be used. Night-soil is hauled to the nearby farms. 

Most of the private wells are drove to thd limestone, 70 to 80 feet 
down, then drilled a few feet into it. The rock is overlaid by a thick 
layer of blue clay. 

A creamery in town has a connection for waste water to the storm 
drain which empties direct to the river. This creamery runs the year 
round, and the drains become a nuisance in hot weather. In fact the 
ditches and drains all give trouble in summer unless carefully cleaned 
out, owing to their very flat grade. The one slaughter house is outside 
of the village, its offals are fed to hogs. 

10 BD. or H. 
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The only industry in town is a ateel roofing plant, employing about 
iO men. 

jDifcnlurfc— Population 1,143. This town has no paved streets, water 
works or adequate sewer system. The drainage goes to ^' Shalley/' and 
this to the Cessna branch of the Blanchard river. The streets are well 
tiled and the drainage good. The ground water is low here owing to a 
large quarry, 20 feet deep, just southeast of town. There are no closets or 
vaults connected with the drains. 

Vaults are constructed in any way to suit the owner, brick, plank, 
boxes or none at all. Night soil is hauled to the farms. 

Most of the wells are drilled from 30 to 80 feet deep, entering the 
limestone eight feet below the surface. There are no surface wells, as it 
is necessary to go below the quarry level to get water. 

There are a great many hogs kept in tQwn and no objection is made 
to them unless the^ are complained against. The industries consist of a 
grist mill, saw mills and planing mill. 

Ottawa River — This river joins the Auglaize about 29 miles above 
Defiance. It drains parts, of Putnam, Allen and Hardin counties, with 
the towns of Ada, Columbus Grove and Lima. 

Columbus Grove — Population 1,982. This town has electric lights, but 
no paved streets, water works or adequate sewerage. Its surface drainage 
is to Plum creek into which the principal street tiles empty. These 
sewers drain the streets, cellars and kitchen sinks, but no water closets. 
The opera house and a few dwellings have private sewers to the creek but 
the total population sewered will not exceed 50. It is estimated that 
one-half of the town use boxes, the rest plank vaults. Night-soil is hauled 
to farms. 

One half of the people in the village use surface wells not more than 
10 feet deep, the water coming from a bed of quicksand. It is claimed 
that the other half is supplied by 16 drillfed wejls which are 115 feet deep 
and strike the limesione 30 feet down. 

Hogs are allowed in town if no complaint is made. Slaughtering is 
done along Plum creek and offals fed to hogs. 

Tlie industries consist of the manufacture of staves, heads, brooms, 
tile and the packing and shipping of chickens. This is done in town 
and causes a good deal of trouble in preventing a nuisance. 

Lima— Population 31,000. Lima is the county seat of Allen county 
and the next to the largest city in the northwestern part of the State. It 
hag many miles of paved streets, electric lights, good street car service, a 
public water supply and a fair sewer system. The public water supply is 
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from wells and a small creek east of town, not influenced by the city 
sewftge. 

Lima has about 25 miles of sewers, combined system, with 18 out- 
lets direct to the Ottawa river and 10 to small ditches that flow to the 
river. About 75 per cent, of the city's population has access to the sewers 
and there are 2,500 connections with them, or the sewage of some 15,000 
people enters the river. Below the city the Otta'wa river is very foul and 
dirty and gives ofl* a horrible stench. Part of this nuisance was caused by 
the effluent of a paper mill, which has burned down since the inspection. 
Formerly the river was very filthy within the city limits but it has been 
straightened and deepened so that all the sewage is carried below and 
most of the nuisance is abated within the city. 

There are a large number of vaults within the city, very few of which 
sxe water-tight. It is estimated, however, that three-fourths of the out- 
door closets are of the dry earth pattern. Night-soil and garbage is buried 
on the city dump grounds. 

Most of the private wells are drilled, going into the rock which is but 
a few feet down. There are still a few shallow surface wells in use. 

There are quite a number of ponds within the city limits, some of 
these being old abandoned quarries. There are two parks which have 
quite large lakes for pleasure purposes, these are filled by surface water. 
A large refinery has reservoirs for its own water supply. These small 
bodies of water, with the exception of those which are too small to be 
permanent, drying up in the summer, seem to cause no nuisance. 

Lima has several railroad shops, machine shops, car works, iron 
works, flour mills, a tannery, etc. 

Allen County Children's Home — This institution is three mile& south- 
east of Lima. It has a complete sewer system, with an outlet to the 
Ottawa riyer. It has about 70 inmates. 

AlUn County Infirmary — This place ieTtwo miles east of Lima, on the 
Ottawa river, to which it is sewered. It has aboUt 75 inmates. 

^c2a— Population 2,415. Ada is a college town with a permanent 
population as above, and a floating; student population of about 1,500. 
Its drainage is to two runs which empty into " Hog " creek or the Ottawa 
river. There are 2h miles of sewers and a number of drains which 
empty into the uns above mentioned. No closets or vaults are allowed 
on the sewers, which are used for storm water and cellar drainage only. 
A few kitchen sinks are connected, and it is claimed a few vaults are 
also drained to them. 
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Vaults are constructed in any way to suit the owner, usually of plank' 
or brick. Night-soil is hauled to farms outside of the town. Garbage 
is fed to hogs in the village. 

The drains cover the place pretty well and keep the ground dry, but 
they are not adequate for heavy storms. Both of the smlill runs and 
Hog creek are dry in the summer and sewage could not be emptied into 
them without some treatment beforehand. Hog creek is now being- 
deepened and straightened to drain Hog creek marsh east of town. 

One-half of the private wells are drilled into the rock, which is 20 
to 24 feet down. The rest are dug wells, which get their -water on top of 
the rock. 

The industries consist of a flour mill, turning and planing mill and 
a machine shop. 

It must be noted that none of the college buildings have water 
closets, depending upon outdoor vaults entirely. 

DeipAos— Population 4,100. This town, lying both in Van Wert and 
Allen counties, has paved streets, electric lights, a water works, but not 
enough sewers. The water supply is from drilled wdlls just southeast oi 
town. 

Its drainage is to Jennings creek, to Flat Rock creek, a branch of the 
above, and to the Miami and Erie canal, which passes through the center 
of town. Jennings creek joins the Auglaize river 36 miles from Defiance. 
The town is fairly well sewered to both of the above creeks, five outlets 
to Jennings and three to Flat Rock. Only one of these sewers, the Main 
street sewer, emptying into Jennings creek, has any closet connections. 
This sewer runs the length of Main street, the business street of town, 
and has about 10 water closets connected with it. The paper mill north 
of the town also runs its wastes to this sewer. It is claimed that this sewer 
causes no nuisance, but from the size of the creek and from the amount 
of sewage it must be objectionable during low water unless the canal 
aqueduct leaks enough to keep it flushed out. The rest of the sewers are 
for storm water only and have no closet or vault connections. Any kind 
of a vault is used and none are water-tight. Night-soil is hauled to the 
country and buried. 

Private wells are not used much. The few in use are mt)8tly drilled 
into the limestone, 1^ to 14 feet below the surface, and are from 60 to 70* 
feet deep. A few wells get the surface water above the rock. 

A brewery discharges its waste through a private sewer to Flat Rock, 
and makes it so ofiensive that in dry weather the creek has to be flushed! 
from the canal. 
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The' industries bf the town are wheel and handle factories, planing 
.mill, paper mill, brewery, grist mill and small railroad shops. 

TTapaione^a— Population 4,000. This town, the county seat of Aug- 
laize county, is situated on the Auglaize river 64 miles from its inouth. 
It has paved streets, electric lights, a public water supply, but no sewer 
system. The water supply is from wells in. the northeastern part of 
town. 

The storm water drains empty into the Auglaize river, which passes 
through the town. There are not supposed to be any closets connected 
with these, but it is said a few are and the outlets of same would indicate 
a. The jail, court house and two schools have closets which are sewered 
to the river. Also quite a number of private houses have sewers to the 
river and a number of vaults are built close to the river bank, so that • 
-every rain washes the contents into the river. In all some 250 people 
Are sewered to the river, besides the varying population of the jail and 
some one thousand school children. During dry weather the river gets 
very low and the sewage accumulates, causing a nuisanee. As the con- 
struction of vaults is not regulated, none of them are water-tight. Night- 
soil is hauled to the farms. 

Private wells are both dug and drove, but all are only from 14 to 35 
feet deep, obtaining their water in a bed of gravel at the river level. 

The industries are a handle factory, machine shop, iurniture factory, 
churn factory and bottling works. The latter has a sewer to the river. 

Auglaize County Infirmary — This institution has about 50 inmates, 
and is north of )Vapakoneta and back from the river. It has no sewerage 
system and depends upon outdoor vaults. 

The head waters of the Auglaize river are badly polluted by waste 
from the oil fields. 

Tiffin River— This river enters the Maumee from the north and about 
a mile-and-a-half above the outlet of the Auglaize river, both rivers join- 
ing the Maumee within the city limits of Defiance. 

Thd Tiffin river drains parts of the counties of Henry, Defiance, 
Fulton and Williams in Ohio and a small portion of Lenawee county, 
Michigan. The only towns on its watershed classed as urban are Bryan, 
-btryker and West Unity in Ohio and Hudson and Morenci in Michigan. 
Its rural population is up to the average and made up of a well-to-do class 
of people, engaged in dairying and stock raising to a large extent. 

Bryan — Population 3,176. This town, the county seat of Williams 
430unty, has electric lights, a public water supply, but no paved streets or 
Adequate sewer system. The water supply is from wells in the southeast- 
ern part of town. The drainage of Bryan is to two runs which empty 
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into Beaver creek a branch of the TiflSn river. The streets are Tvell tiled 
and drained for storm water, except for the heaviest rains, then they are 
not large enough and cellars are flooded* These drains are not 
supposed to carry sewage, but about 10 closets and Ave , cesspools 
have been connected with them. The northern part of the town is 
drained to a county ditch and the southern part to Lynn run. These 
join just west of town and go to Beaver creek. These ditches are sup- 
plied to a large extent by spring water and the small amount of sewage 
seems to cause no nuisance. Even the local brewery and creamery, which 
drain to Lynn run, have not been complained of. 

Vaults are not water-tight, and are built of stone, brick or plank to 
suit. Night-soil is hauled to a dump one and one-half miles west of town 
near Lick creek. ♦ 

There are only a few surface wells in town, most of the wells being 
drove and from 90 to 140 feet deep. Many of the deep wells are artesian, 
as are the wells for the public water supply. 

The industries of the town are the creamery and brewery above 
mentioned, a grist mill, agricultural works, brick and tile works, wheel- 
barrow works, planing mill and two large hay barns. 

Stryker — Population 1,017. This spread-out country village has no 
paved streets, electric lights, sewers or public water supply. Its drainage 
is west to the Tiffin river about one-half mile away. Nearly all the streets 
are tiled, but no closets or vaults are connected with these. Vaults are 
supposed to be water-tight, but most of them are planked only. Night- 
soil is buried west of town. ^ 

There ^re no Surface wells in town.'^ All are drove and from 115 to 
135 feet deep. Theie wells get their water in shale lying above the lime- 
stone. The industries of the town are hoop, stave and oar factories, lum- 
ber yards and a tile mill. 

West Unity — This town claims 1,000 people, but hardly has it. It is 
on Leathorwood creek, a branch of the Tiffin river above Stryker. Its 
streets are drained to the creek, but there are no sanitary sewers. The 
wells are all shallow, getting the surface water only. The industries are a 
woolen mill, creamery, grist mill and wood working. 

Moreiici, Michigan — Population 2,665. This town has no sewers or 
water supply, but it is situated directly on the Tiffin river, and all of its 
surface drainage goes to that stream. 

Hudson, Michigan — Population 2,176. This village has a public water 
supply and about two miles of sanitary sewers which empty into the 
Tiffin river. There are 132 water closets in use, representing the sewage 
of about 800 people. It is claimed that the sewage causes no nuisance. 
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Hicksmlle — Population 3,669. This town is on the head waters of 
Gordon creek, which enters the Maumee 76 miles from its mouth at the 
bay. It has electric lights, a public water supply from wells, but no paved 
streets or adequate sewer system. 

There is over a mile of tiling going to Mill creek, a branch of Gordon, 
which is used for storm water, cellar drainage and kitchen sinks only, 
though one closet is said to be connected. There are but few vaults, and 
these are comparatively tight; most of the outhouses * have no vaults 
whatever. Nightsoil is dumped on a farm west of town near Mill 
creek. The private wells are principally drilled or bored and from 25 to 
to 130 feet ^eep, going through the surface soil and clay, finding water in 
a deep bed of gravel. There are still a few dug wells in use. Many of 
the deep wells are artesian and furnish an excellent water. The town 
has practically no industries outside of a hoop factory. 

ArUwerp^Fo-pulsLtion 1,383. This town is right on the bank of the 
Maumee and 90 miles from its mouth. It has no paved streets, water 
supply or sewers. There are a few tiles laid to the river and ditches for 
storm water, but no closets are connected. Vaults are merely holes in 
the ground, which', when full, are covered over and new ones dug. Some 
of the night- soil is buried in the low lands near the river. The private 
wells are driven to the rock, which is 40 to 60 feet down. Still a few dug 
wells in use ; these are only 16 to 18 feet deep.^ The old abandoned 
Wabash canal is not yet filled up and causes a nuisance in the summer 
on account of the rubbish thrown into it. Hogs are kept in town and 
some of the pens are in bad shape. The slaughtering is done west of 
town on the Maumee river. 

The only industries in town are the usual saw, grist and tile mills. 

Fort Wayne, Indiana — Population 50,000. This town is situated at 
the point where the St. Mary and St. Joseph rivers join to form the 
Maumee river. It has all the modern improvements of a city, with a 
good water supply and a fair sewer system. Its sewers are accessible to 
to 60 per cent, of the people, and fully 50 per cent, of these have connec« 
tions. This gives about 15,000 people the use of the sewers. There are 
six main sewer outlet^ to the St. Mary river, four to the Maumee and 
none to the St. Joseph river. These sewers empty both above and in the 
city limits and cause a great deal of complaint in the summer time. An 
orphans' home with 50 inmates and an infirmary with 200 inmates are 
sewered to the St. Mary river just above the city. Four large packing 
houses and reduction works are on the banks of the river and send all 
their waste to them. A gas works, tannery and brewery are sewered 
direct to the river. Quite a number of large shops have their outhouses 
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for employee on and over the river banks. The worst thing of all, how- 
ever, is the night-soil. That is dumped over the Maumee river bank 
about two miles below the city. Thirty-five thousand people are not 
connected to the sewers and have to depend upon vaults. At the usual 
figure, this wouldgive 7,000 barrels of night-soil that must be dumped into 
the river annually. The Maumee is so polluted below town that it will 
iiot freeze, and with eight inches of ice on the river above the sewers and 
dumps. 

St. Joseph River — This stream drains part of Williams and Defiance 
counties in Ohio, and part of Michigan and Indiana. On its watershed 
are the towns of Montpelier and Edgerton in Ohio, and Waterloo, Butler, 
Garrett and Auburn in Indiana. The watershed in Michigan contains 
no urban population. 

Garrett, Indiana — Population 8,600. This town has both sanitary 
and storm sewers and a public water supply. The sewers empty into 
Cedar creek, which gets all the surface drainage. There are about 200 
connections to the sanitary eewers, representing about 1,200 people. Of 
thene 200 connections, 50 are for water closets and the rest for vaults and 
cesppools. The town is a railroad division point and its business diepends 
upon this. 

Auburn, Indiana — Population 2,427. This town has no water supply 
or sewers whatever. Its surface drainage is to Cedar creek, a branch of 
the St. Joseph river. 

Waterloo, Indiana — Population, 1,600. This town has no water sup- 
ply or sanitary servers, but has a fair system of storm water drains which 
empty into Cedar creek and into ditches leading to it. Thtre are six or 
seven closets connected to one of these storm drains which cause a 
nuitkLC*^ in the summer when the water is low in the creek. The only 
manufacturing in town is the usual saw and grist mills. 

Butler, //)c/ iawa— Population 2,700. This town has a public water 
supply, 'but no sanitary sewers. There are a few storm water drains 
which empty into a small run which empties into the St. Joseph river. 
There are a few water closets connected to the drains, but the small 
amount of sewage seems to cause no nuisance. The manufacturing 
products are bicycles, windmills, baskets and canned goods. 

£^f/(7(^r^n?— Population 1,170. The village has no paved streets, water 
supply, electric lights or sewer?. Some ot the streets have tile drains 
emptying into iVe St. Joseph river, which runs just east of town. There 
are no closet connections to these drains, every one depending upon 
vaults. These are mostly built of brick or stone and some are water- 
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tight; a few have no vault *or pit whatever. Night-soil is hauled south 
of the village to a farm through which the river run?. , 

The private wells are mostly driven, but only 14 to 25 feet in depth ; 
they get their water in a bed of gravel which starts only two feet below 
the surface. There are two slaughter houses not far from the river, but 
the refuse is fed to hogs, quite a number of which are kept in town. The 
industries of the place consist of a basket and handle factory and a saw 
mill. 

Monfpelier — Population 2,000. Montpelier has a public water supply 
from wells and electric lights, but no paved streets or sewer system. 
Most of the streets have tile drains emptying into the St. Joseph river 
and a small run which empties into the river. There are two closets 
and several cesspools connected to the sewers, but no vaults are allowed. 
It is claimed that tbe sewers never cause a nuisance, and that there is al- 
ways some water flowing in the river. The majority of the vaults are 
merely shallow holes in the ground, these being cleaned out twiqe a year. 
Night-soil is hauled to farms west of the village. 

The majority of the private wells are drove and from 40 to 50 feet 
deep, the water being found in a bed of gravel and quicksand below the 
clay. A few dug wells get water from gravel only eight to 20 feet down. 
The slaughter houses are one-half mile west of town near an old 
channel or bayou of the river. The refuse is discharged to this, causing 
a nuieance in the summer lime. 

The industries consist oi a brick yard and lumber mills. There is 
also a small creamery on the bank of the river, to which all its waste is 
sent.. 

St. Mary River — This river drains parts' of Van Wert, Mercer and 
Auglaize counties in Ohio and parts of Adams, Allen and Wells in 
Indiana. The only urban population on its watershed in Ohio is St. 
Mary and in Indiana, Decatur. 

St, Jl/ary's— Population 3,500. The village of St. Mary's lies on both 
sides of the St. Mary river and three miles east of the Grand rese/voir 
which leeds the Miami and Erie canal, which also passes through the 
town. The village has paved streets, electric lights and a public water 
supply, but no eewers. The water supply is from wells situated within 
the corporation. The drainage is to the canal and river, all the street 
drains emptying into the latter, however. There are no connections to the 
storm water drains and none are allowed. Several families have cesspools 
which are cleaned out in barrels, except when they dump them into the 
gutters as it is claimed. Several of the larger houses near th9 river have 
private sewers to it, the hotel also has one. Vaults are required to be 
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water-tight, but very few are so constructed. ' Night-soil is hauled outside- 
the corporation line and dumped anywhere. 

Private wells still supply most of the prinking water as. the public 
water supply is not generally introduced as yet. Most of the wells are 
dug and from 10 to 50 feet deep, the water being found in quicksand near 
the surface, or in clay farther down. The limestone is 125 feet down and 
a few drilled wells get their water in this. 

A small woolen mill and a paper mill discharge their refuse to the 
canal. It is claimed that the paper mill sepds waste to the river at times. 
The other industries of the town are a chcwn works, spoke factory, oil 
well supplies and flouring mills. 

During dry weather the St. Mary river gets very low and the small 
amount of sewage and waste emptied into it causes considerable nuisance. 
Hogs are kept, many of the pens being built right on the river bank, and 
these add to the filth of the stream. 

Decatur, Indiana— Population 4,500. Decatur has a public water 
supply and some sewers. The latter empty directly into the St. Mary 
river. It is estimated that there are about 250 connections to the sewere 
representing some 1,500 people. 

SUMMARY. 

From a total urban population of 331,073 on the Maumee watershed, 
101,000 have connections to the sewers. Most of this sewage is from in- 
door water closets, very few places allowing vaults to be connected to the 
sewers, and cesspools are not common. Sixty thousand of these 101,000 
people having sewer connections are in Toledo, and thus have nothing 
to do with the pollution of*the watershed. This leaves 41,000 people, the 
sewage of which reaches the Toledo wat^r works. Some of this travels over 
200 miles, while that from the Lucas county home has only five miles to go. 

In but few places, near the center and lower end of the watershed, is 
the sewage a nuisance, owing to the large amount of water always flowing 
in Ute rivers. Fort Wayne, 123 miles above Toledo, is the nearest place 
where the sewage is considered a nuisance. In many of the towns located 
near the edge of the watershed, however, the sewage causes a good deal of 
trouble during low water. This sewage from these out-of-the-way places 
probably affects but little the purity of the water in the lower part of 
the Maumee, as it has so far to travel in small streams and rivers where 
the chances for purification are the best. It is the sewage of Fort Wayne^ 
Defiance and Napaleon that causes the most pollution of the public water 
supplies. Findlay and Lima may also influence this some, but the chem- 
ist and bacteriologist will have to explain their effect, as all visible polln- 
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tion is destroyed long before the Auglaize joins the Maumee. In fact 
the sewage of Fort Wayne and Defiance is soon lost sight of in the large 
volame of the Maumee, but the short distance and the nature of the 
stream must prev^ent complete purification before the river is required to 
furnish a public water supply. 

The population using the sewers is divided among the different rivers 
as follows : 

Auglaiza , 19,900 

St. Mary : : 1,700 

St. Joseph 1,400 

Tiffin '. 1,000 

Manmee direct 67,000 

Sixty thousand of ihe 67,000 is in Toledo. 

Total number of people in Maumee watershed 101,000 

PUBLIC WATER SUPPLIES OF THE MAUMEE WATERSHED. 

There are 15 oities and towns on the Maumee /watershed in Ohio that 
have public water supplies. Of these, ten use deep well water, four use 
river water and one uses well and surface water. This would seem to 
make the pollution of this watershed less important than one in which 
the surface water is more generally used for public water supplies, but 
unfortunately three of the towns that ude the river water are on the lower 
part of the Maumee river, where they get full benefit of all the accumu- 
lated pollution of the watershed. Were it not that the water purifies 
itself to a greater or less degree during its fl )w, these towns would have 
a water supply bo polluted that it would b3 absolutely unusable. These 
three towns, Defiance, Napoleon and Toledo, also repre3ent 140,000 people 
or 56 per cent, of the total urban population on this watershed in Ohio. 
These, together with Find lay and Lima, which use surface water not 
contaminated with the accumulated filth of "their neighbors, represent 
191,000 people or 76 per cent, of the urban population on the Ohio part 
of the watershed. Thus, while the surface water supplies are few in num- 
ber they represent a large number of people. 

The 10 small towns near the edges of the watershed that could get 
good surface water with some care are so located as to be able to and pre- 
fer to get a deep well water which is not susceptible to "surface contami- 
nation. The towns using this well water are Blufi'ton, Bryan, Conti- 
nental or Marice City, Delph6s, Hicksville, Montpelier, St. Mary's, Van 
Wert, Wapakoneta and Wauseon. 

Lima has a suriace supply from Lost creek, augmented by well, 
water. 
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Surface Water Supplies, 

Defiance — Population 9,759. The Defiance water works is owned and 
operated by a private company. The franchise was granted the company 
in 1887 and the plant put in operation in 1888, The franchise i§ for 30 
years, with a clause permitting the city to purchase after 10 years and at 
the end of any five years thereafter. 

It says the following regarding the kind of water to be furnished : 

'* The water shall be taken from such a point as shall be free from all 
sewage contamination, and shall be taken from a crib or wellj and shall 
at all times be. a good, wholesome water, fit for all purposes of domestic 
and manufacturing uses." 

The water is at present taken from the Maumee just at the southern 
corporation line and above all local contamination from sewage. The 
nearest serious pollution of the river being Fort Wayne. The water is 
not UBed for domestic purposes at all, its muddiness for at least six 
months in the.year being the principal objection to most of the people, 
though some complai^ of Fort Wayne. 

The water is pumped from the river to a standpipe by two horizontal, 
compound, condensing, duplex Blake pumps of 2,000,000 gallons capac- 
ity each, which were put in with the works and are in fair condition now. 
The standpipe is 140 feet high and 20 feet in diameter, giving a capacity 
of 329,000 gallons. The ordinary pressure is 55 pounds. 

There are 18 miles of mains, which give about 65 per cent, of the 
population access to the water. There are 540 services, of which only 
about 450 are in use and 27 of these metered. The average daily con- 
sumption is about 900,000 gallons and the average for each consumer is 
about 300 gallons. 

The annual water ra < s are as follows: 

Five room dv^eliing.. «.. $5 00 

Each additional room 1 00 

Priyatebath tubs, hot 6 00 

" water closets 3 00 

" stables, one horse and carriage 2 50 

Meter rates per 1,000 gallons : 

Below IjOOOgallonsper day 40 

Two thousand to 3,000 gallons per day.. ,\ 30 

Above 10,000 gallons per day 15 

Ftnd/at/— -Population 20,000. The water works was put in by the 
city in 1889 and has cost to date about $333,000. The water is admit- 
ted to a basin from the Blanchard river through a filter- wall separating 
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the reservoir from the river. The water stands in the basin at the river 
level minus the friction in passing the filter. Just below the basin en- 
trance a dam has been built across the Blanchard river to keep the level 
of the water up during dry weather. This dam is 200 feet long and eight 
feet three inches high, backing the water up some three miles. 

T|;ie filter is built in the openings between the arches of a masonry 
bridge or dam across the end of the reservoir. This wall is 295 feet long 
and the supports for the arches take up 116.5 feet leaving 178.5 feet for 
the length of the filter proper and as the dlter is six feet deep the filtering 
area is 1,071 square feet. For a section of the filter see cut. The filtering 
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media is 10 feet thick, the two outside layers being composed of gravel 
and the inside of charcoal. The gravel is kept in place by screens across 
the openings under the arches. In filling the filter the gravel was banked 
against the screens as much as possible and the intervening wedge filled 
with charcoal ; thus the lower part of the filter contains but little char- 
coal, and as this makes the friction the least near the bottom, most of 
the water must pass through only gravel giving but little purification. 

The filter was designed to free the river water from some of its mud 
and it does this to a considerable extent The filter is cleaned three times . 
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a summer by pumping water through it. The rate of filtration is con- 
trolled by gates that can be raised or lowered over the openings between 
arches. Originally sand was used instead of charcoal and the change was 
made in 1897. 

The water in the basin never appears to be muddy but during low 
water a. scum gathers on its surface and the water smells some. . The 
reservoir is cleaned every other year by draining the water out and by 
flushing and Ecraping out the mud. The water is pumped direct from 
the reservoir to the mains by t*o horizontal, compound, duplex Gordon 
pumps of 2,500,000 gallons capacity each. The average daily consump- 
tion is 900,000 jgallons, allowing 5 per cent, for slip, and the average for 
each consumer.is 140. The average pressure is 70 pounds. 

There are about 27 miles of mains, givipg 60 per cent, of the popula- 
tion access to the water. There are 1,493 service's, of which only 1,636 are 
in use and 114 of these metere4. During the summer when the veservoir 
is low the public wat^r is not drunk very much and private wells supply 
most of the water lor domestic purposes. 

The annual water rates are as follows : 

Private houses, per family $5 00 

Each additional family — • 3 00 

Private bath tube, each.. 3 00 

" water closets, each , 8 00 

** stables, one horse and carriage \ 8 00 

Meter rates per 1,000 gallons : 

Less tban 500 gallons per day.. 12 

One thousand to 1,500 gallons per day 10 

Over 8,000 gallons per day 6 

Napoleon — Population 2,643. The public water supply was put in by 
the village in 1895. A light plant was put in at the same time and the 
combined cost was $59,859, to which has been added $5,825 for the water 
and 83,581 for the light plant. 

The supply is from the Maumee river just opposite the south end of 
town and in the back water of the Grand Rapids dam. The water is in 
danger of contamination from the sewer emptying just below the intake, 
and of course it gets full btnefit of the sewage of Defiance, 18 miks 
above. 

The water is pumped to a standpipe by two vertical, compound, con- 
densing Smith-Vaile pumps of 1,000,000 gallons capacity each. The 
standpipe is 125 feet high and 20 feet in diameter, with a capacity of 
290,000 gallons. 
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The average daily coDSumption is 192 JOO gallon?, allowing 5 per 
'€ent. slip, and the average daiiy consumption for each consumer is 96 
gallons. 

The mains give 70 per cent, of the population access to the water. 
There are 336 connections and 38 of these metered. 

Tha public water is not drunk to any great extent, well water being 
/largely used. 

The annual water rates are as follows : • 

Private hoases, five persons or lees $4 00 

Each additional person. ! 26 

Private water closets, each ...' 2 50 

" bath tnbs, each ! 3^00 

** stables, one horse and carriage.. 2 00 

Meter rates per 1,000 gallozfs: 

Unddr 1,000 gallons per day U5 

Two thousand to 3,000 gallons per day 10 

Toledo — Population 126,000. The water works was put in by the city 
in 1872, the water being taken direct from the Maumee river as at present. 
The plant was appraised at $1,416,628.90 in 1894, and $300,000 have b^n 
6pent on it since, making the present value of the plant $1,716,628, but 
it is estimated that the plant has cost to date $2,500,000. 

The water is led to the pump well by a 6-foot steel conduit and 
pumped from there to the standpipe by four Worthington and one 
Knowles pump. Two of the Worthington pumps were put in in 1873, 
and have a capacity of 5,000,000 gallons each ; these are horizontal, com- 
pound, duplex pumps. The Knowles is a horizontal, compound, duplex 
pump of 5,000,000 gallons capacity, and was erected in 1886. One large 
Worthington was put in in 1893 and its mate in 1898. These are verti- 
<5al compound, duplex, high duty pumps of 15,000,000 gallons capac- 
ity each. This gives a combined capacity of 46,000,000 gallons per 24 
hours. 

The standpipe is 225 feet high and five feet in diameter, with a capac- 
ity of 42,050 gallons. It is used to regulate the pressure only. 

There are 152 miles of mains, giving 75 per cent, of the population 
access to the water. There are 10,200 services in use, of which 4,000 are 
metered. 

The average daily consumption is 7,677,000 gallons, and the average 
ifor each consumer is 125 gallons. 
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The annuftl water rates are as follows: 

Private hoiueB, one faacet $5 00 

' Each additional faucets 1 bO 

Private bath tubs, each 3 00 

" water cloBeta, each 3 00 

** stable, one horse and carriage / -800 

Meter rates per 1,000 gallons : 

Less^ than 2,000 gallons per daj 10 

Thirty-five thousand to 55,000 gallons per day .'. 06 

Over 170,000 gallons per day ^ 36 

The water works intake is located above all Toledo sewer outlets, but 
it is claimed that the wind raises the water level in the river two feet, 
and this would be very apt to carry some of the sewage up over the in* 
take. The only serious contamination below Napoleon is the children's 
home, five miles above the intake, as mentioned in the first part' of the 
report. 

Many houses have small filters through which all water ior domestic 
use is passed, and there are quite a number who still use well water. The 
prij^te wells are nearly all shallow dug one?, from 10 to 20 feet deep, there 
being but few drove wells in U9e. 

Sewage — The sewage of Toledo bears no relation to water supplies 
unless it contaminates its own water, but a brief description will be given 
here : 

There are 150 miles of sewer in, with 12 main outlets to the west 
side of the Maumee, three to the east side, seven to Swan creek and three 
outlets to the Ottawa river, which empty direct to the bay. There are 
any number of small outlets and some of these are to the Miami and 
Erie canal. It is estimated that 75 per cent, of the population have 
access to the eewers and that there are 8,400 connections to same. 

Besides the sewage, the rivers and creeks get a large amount of man- 
ufacturing waste and refuse, which is dumped directly into th'em. Dur- 
ing the warm weather the mud flats in the river give off pretty foul odors 
from the decaying refuse deposited on them. 

Regulations have just been put in force regarding the construction of 
vaults, and the city is full of old pits and plank vaults that are loading 
the soil and ground water with filth. 

Surface and Ground WoUer Supply. 

Lima — Population 31,000. The public water supply was first put in 
in 1886-7 by the city at a cost of $338,000. Many extensions and addi- 
tions have since been made and the cost to date is much more than the 



STATE BOARD OP HEALTH. 1 5$ 

above figure. The original supply was from an impounding reservoir on 
Lost creek, which enters the Ottawa river just east of Lima. A dam 10 
feet high and 30 feet long has been built across the creek forming a reser- 
voir of six acres in area, and with a capacity of some 10,000,000 gallons. 
This reservoir is shallow, overgrown with weeds and dirty, and is dry all 
summer, except for a few stagnant pools. During the winter and spring 
rains the reservoir fills up and the water is run to a receiving well' from 
which it flows by gravity to the storage reservoirs. There are two storage 
reservoirs side by side which have a combined capacity of 120,000,000 
gallons. These reservoirs had to be filled formerly during freshets or hard 
rains and tlien to supply the city until another rain came, and if the water 
was. low the first part of the rain had to be caught. This first water was 
merely the washings from the watershed and was pretty foul, especially as 
.there are a large number of oil wells within the drainage area and all 
their waste oil is washed into the reservoir by the first downpour. 

The storage reservoirs have an area of 21 acres which gives them a 
depth of 17 feet. The sides and bottoms are the natural clay with no 
paving or riprap. These reservoirs have been cleaned only once, but 
there has been no trouble except for one year when a green growth 
appeared. 

There was soon a great deal of complaint about the water and in 
1894 eight wells were put down at the head of the impounding reservoir. 
These wells are from 150 to 200 feet deep and eight inches in diameter* 
A four-inch suction leads to a 1,000,000-gallon pump operated by n motor 
supplied with el» ctricity from the central pumping station. The water 
is lowered from near the sur'ace to 22 feet below it by a short period o 
pumping, as the wells are too close together. This water is pumped to 
the receiving well and flowe to the storage reservoirs by gravity. 

In 1897 one more well was put down on Lost creek near tbe P., F. W«, 
andC. railroad, and an old oil well was also utilized. These wells are 10 
inches in diameter and have a six-inch suction leading to a 1,000,000- 
gallon pump operated by an electric motor. This waterie also sent to the 
receiving well and then to the reservoirs. It is estimated that the wells 
supply 1,260,000 gallon^ per day. The water is pumped from the storage 
reservoirs dirtct to the mains by two horizontal, compound, duplex Holly 
pumps of 3,000,000 gallons capacity each. 

The average daily consumption is 1,900,000 gallons and the average 
ior each conpumef is 120 gallons. 

There are 35 miles of mains giving some 80 per cent, of the popular 
^tion accts»< to the water. There are 2,589 connections in iipe, of which 60 
aic meurt <J. 

11 BD. nF H. 
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Annual water ratdfii are as follows : 

Private honses,' five rooms or len..... «##^...^..««^r. f5 00 

Each additioDal room to eight 1 00 

Private bath tnbfi, each. ; 3 50 

" waler closets, each^ 2 60 

The meter rate is 115 per year as the minimum charge for which 
75,000 gallons of water may be used and a charge of eight cents per 1,000 
is made for all above that amount. . 

Ground Water Supplies, 

Bluffton — Population 1,400. The water supply was put in by the city 
in 1896 at a cost of $17,000, which is nearly all the cost to date. 

The supply is from eight wells eight inches in diameter and from 35 to 
50 feet in depth. Only six of these wells are connected to the pumps. The 
limestone lies within a few feet of the surface and the wells get their water 
in this rock. The water rises to within five feet of the surface and can be 
lowered by the pumps to the suction limit, about 28 feet. The water is 
pumped to an elevated tank by a horizontal, simple, duplex Stillwell- 
Bierce- Smith- Vaile pump of 750,000 gallons capacity. 

The tank is 20 feet in diameter and 30 feet high, with a capacity of 
70,000 gallons, and it is placed on a steel frame tower 82 feet in height, 
this givea an average pressure of 3r> pounds on the street level. 

The wells have always supplied plenty of water but for use in cases of 
emergency an eight-inch intake pipe has been run to an old stone quarry, 
near the water works. This quarry contains about three and one-half 
acres and the water is from three to 20 feet deep ; the upper five feet, or 
about 4,000,000 gallons, can be drawn off" by the pumps. This emergency 
intake hafi not been used within the knowledge of the present engineer 
or for a year at least. 

There are three miles of mains in giving about 90 per cent, of the 
population access to the water. There are 157 services in, of which 156 
are in use and only one metered. 

The average daily consumption is about 50,000 gallons, the estimate 
of the engineer only. . The average daily consumption per consumer is 
only 55 gallons. This is low, especially as two railroads use the water. 

The annual water rates are as follows : 

Private houses.. '. $6 00 

" bath tubs, each.. 2 00 

" water closets, each 6 00 

*^ stables, one horse aod carriage.. 150 
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Meter rat^s per 1,000 gallons: 

Five hundred to 1,000 gal loos perdaj 10 

Three thoasand to 4,000 gallons per daj^* • 6 

-Brj^on— Population 3,176. The public water supply was put in by 
the village in 1893-^, and has cost.to date $45,000. 

The.supply is from 13 wells, eight of which were put down in 1893, 
and foi* fear that these might not supply enough water five more were put 
down later. These wells are from 96 to 112 feet in depth, 4^ inches in 
diameter, and go through hard-pan, cement-gravel, quicksand and into 
gravel where the water is found. When not being pumped all the wells 
flow and plenty of water has always been supplied, the water level never 
going below the suction of the pumps. The wells flow to a common main 
to which the suction of the pump is attached. The water is pumped 
direct by two horizontal, compound, duplex Hughes pumps of 1,000,000 
gallons capacity each. 

There are 14 miles of maina in, which give 90 per cent, of the popula- 
tion access to the water. There are 348 services in, of which only about 
one-half are in uee all the year round, the others used in summer only. 
None of theservices are metered. The average daily consumption is 400,000 
gallons and the average tor each consumer is about 160 gallons. This is 
due to the large amount of water used for sprinkling in the summer. 

The annual water rates are as follows : 

Private honsea, five persons or less.. $4 00 

Each additional person 25 

Private bath tube, each 2 00 

" water closets, each , 3 00 

" stables, one horse and carriage.. 2 00 

Continental — Population 1,500. The water works was put in by the 
village in 1894, and has cost to date about $7,000. 

The supply is from a well 75 feet deep and eight inches in diameter. 
The well strikes the limestone 48 feet dov^n and the water rises to within 
13 feet of the surface. It is pumped to a standpipe by a deep well pump 
of 100,000 gallons capacity. The pump cylinder is 20 feet below the sur- 
face an<l the water can be lowered 45 feet il necessary, but it has never 
reached this limit, as the well has always supplied enough water. The 
standpipe is 10 leei in diameter and 100 feet high, with a capacity of 
40,000 gallons. The deep well pump keeps the standpipe full for ordi- 
nary service. During a fire a 100,000-gallon simple, duplex Still- 
well-Bierce pump draws from the standpipe and pumps direct into the 
mains. 
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There are 2^ milee of mainB, giving about 50 per cent, of the popu- 
lation acceSB to the water. There are 75 Bervices, of which 55 are in use 
and two of these metered. The average daily consumption is 45,000 
gallons or an average ot 125 gallons per consumer. 

The annual water rates are as follows : 

Private house.... ; |6 00 

** * bath tnbB, each.. 3 00 

" water doeetSf each .' 8 00 

*' siabie, one horse and carriage « 4 (0 

The meter rate is 15 cents per 1,000 gallons. 

DelphoB — Population 4,100. The water works was put in by the vil- 
lage in 1896, and has cost to January 1, 1898, $79,452.81, which is prac- 
tically the cost to date. The supply is from seven wells, eight inches in 
diameter and from 191 to 300 feet in depth. Six of the wells flow to a 
receiving well, and on« of them is pumped to it by a Stillwell-Bierce air-» 
lift. This one well lurnishes nearly all the water; it flows naturally at 
the rate o* 56.000 gallons per day, and is pumped at the rate of 185,000 
gallons per day. The wells obtain their water from the O. ondago lime- 
stone, which is 20 teet below the surface. The water rises to within eight 
feet of the surface, and during a test one well was lowered 20 Teet by 
pumping at the rate o^ 85,000 gallons a dny. The receiving well is 40 
feet in diameter and 37J feet deep, with a capacity of 235,000 gallons. It 
is excavated into the rock and the sides walled up with brick. Surface 
water is admitted by neveral tiles just above the rock, so as to relieve the 
pressure on the outside ol the wails. The well i« covered with a conical 
board roof. 

Before the air-lit was put in thn water was almost unusable from 
the large amount of sulphur present, but the aeration afford/ d by the air- 
lift seems to have overcome the objection, and the water is iree from the 
taste and smell ot sulphur. A strong odor of sulphur is noticed in the 
receiving well, and tne water ao it comes Irom the air-lift has a milky 
appearance. 

The water is pumped from this well to a standpipe by two horizon- 
tal, compound, duplex, Laid low-Dunn-Gordon pumps of 1,000,000 gal- 
lons capacity each. The standpipe is 20 feet in diameter and 130 feet 
high, with a capacity of 305,000 gallons, and gives aii average pressure 
of 65 pounds. 

There are 15.38 miles ot mains, giving 90 percent, ot the population 
access to the water. There are 324 services, of which 244 are in use and 
four metered. The average daily consumption is185,000 gallons per day, 
and the aver-iue per consumer is 60 gallons. 
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The annual water rates are as follows : 

Private tiouB'S, five ronmsor less... |8 00 

Each additional room 25 

Private bath tabs, each... 2 00 

^' water closets, each 2 00 

'* stables, one horse and carria^^e. 2 00 

Meter rates per 1,000 gallons : 

Less thrfiQ 1,000 gallons per day 26 

More than 6,000 " '* " ..: 10 

r 

ffiri»t;i/«— Population 3,569. The water works was put in by the 
village in 1890, and hasost to date about t22,000. The supply is from 
seven wells, four of which are 32 teet in depth and six inches in diameter, 
two are 132 feet deep and six inches in diameter and one is 132 feet deep 
and three inches in diameter. The deep wells go through about 120 feet 
of clay, sand and hard-pan, ana find their water in sand and gravel above 
the Ohio black shale. All the wells flow with a head of about four feet 
when not being pumped, but do not supply enough water in the dry Rpells. 

Tne wells are pumped by direct suction, only six of them being at- 
tached ; one flows to a small reservoir 100 fent square and holding 387,000 
gallonp, which is kept on hand for an emergency. This reservoir is used 
for fire purposes only, but causes a good deal of complaint, as the con- 
sumers fear that it is being used at other times. The water is pumped 
direct to the mains by two horizontal, simple, duplex, non-condensing 
Hughes pumps of 760,000 gallons capacity each. 

I'here are 4^ miles of^ mains, which give some 80 per cent, of the 
population access to the water. There are 237 services and 217 in use, 
with no'ie metered. The av^^rage daily consumption is 150,0001 gallons 
and the a^er^ge for each consumer is 115 gallons. 

The annual water rates are as follows : 

Private houses, five persons or lesp $4 00 

Five to 10 persons 6 00 

» Private bath tabs, each.. 2 00 

** water closets, each 2 60 

'^ stable, one horse and carriage... 2 00 

jlfemtpcZi^r— Population 2,000. The water works was put in by the 
village in December, 1895, and has cost to date about 126,000. The sup- 
ply is from three drilled wells, 113 feet deep and eight inches in diameter ; 
only two of the wells are in use now. The wells go through clay, fine 
sand and into gravel where the water is found. The water rises to within 
28 feet of the surface, and as the wells are pumped by direct suction 
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the pumps have been placed in a well 20 feet deep, and they can lower 
the water the suction limit or about 45 feet from the surface. The suo^ 
tion from the pumps is six dnche& in diameter, and goes down 36 feet 
into the casing. 

The water is pumped to a standpipe by two horizontal, compound, 
duplex, non-condensing Worthington pumps of 760,000 gallons capacity. 
The standpipe is 12 feet in diameter and 110 feet high with a capacity of 
93,000 gallons, and gives an average pressure of 38 pounds. There are 
four and one-half miles of mains giving some 90 per cent, of the popula- 
tion access to the mains. There are 209 services in an*d 206 in use, of 
which only one is metered. The average daily consumption is 130,000 
gallons and the average for each consumer is 105 gallons. 

The annual water rates are as follows : 

Private family $2 OO 

** water closet?, each. 2 50 

" bath tube, each \ 1 50 

stable. 1 00 

Lawn sprintUinsr • ^ ^^ 

The meter rate for the one consumer is five cents per 1,000 gallons. 

St, Mary^s — Population 3,500. The water works was put in by the 
village in 1895 and has cost to date about $57,500. The supply is from 
four drilled wells from 262 to 272 feet in depth and eight inches in diame- 
ter. The wells strike the limestone at 125 feet and get a very hard water 
from this rock, which also contains some sulphur and iron. 

The wells flow to a covered receiving well 38 feet in diameter and 28 
feet deep, giving a capacity of 237,000 gallons. During the test one well 
was lowered 13 feet and could be sent no farther with the means at hand. 

The water is pumped from the receiving well direct to the mains by 
two horizontal, compound, duplex, condensing Smith-Vaile pumps of 
750,000 gallons capacity each. 

The ordinary pressure carried is 50 pounds. TJiere are 12^ miles of 
mains which give 75 per cent, of the population access to the water^ 
There are 280 services, of which 275 are in use with seven of these 
metered. 

The average daily consumption is about 100,000 gallons and the 
average per consumer is 60 gallons. 

The annual water rates are as follows : 

Private houses, per family .^ $4 00 

*' water closets, each 2 00 

" bath tubs, each 2 00 

** stable, one horse and carriage 1 OO 
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The meter rate pev 1,000 gallons is 10 cents, with a minimuDQ charge 
of $10 per year. 

Van FFeri — Population 7,000. The water works was put in by the 
town in 1891 and has cost to date $130,000. The supply is from nine 
wells six inches in diameter and 200 feet deep. The water in found in 
limestone which commences 40 feet h^low ihe sur'ace. The water rises 
to within Irom 12 to 18 feet of the surface and is pumped down about 
40 feet. The pumps are set- in a well 20 feet deep. Tne water is 
pumped direct from the wells to the mains by two horizontal, compound, 
duplex, condensing pumps of 1,500,000 gallons capacity each. The 
pumps are of the Gordon pattern but were put ill by th« Holly Com- 
pany. A reservoir, 165 feet square, 18 feet deep and holding 8,000,000 
gallons is used to store the water for an emergency. The rcbervoir is near 
the pumping station and is kept full of well water all the time and is only 
drawn on by the pumps in case of fire, when the wells could not supply 
the sudden increase in the demand. 

There arft 19 miles of mains, which give about 70 per cent.' of the 
population access to the water. There are 830 services, of which 550 are 
in use and seven of these metered. The average daily comsumption is 
225,000 gallons and the average per consumer is 70 gallons. 

The annual water rates are as follows : 

Private house, fire persoDs or. less $5 00 

E.\ch additional person 25 

Private bath to b^, each .'. 3 00 

*• water closetB, each 3 00 

" sta'oles, one horse and carrii^e.. 2 50 

Meter rates per 1,000 gallons : 

F^ve hundred gallons per day or less 25 

One t! oasand to 3,000 gallons per day *. , 15 

Over 25,000 KAllons per day 7 

Wapakon^a — Population 4,000. The water works was put in by the 
village in Nov«>mber, 1895, and has cost to date $58,000. The supply is ' 
from nine drilled wells, eight of which are S5 feet deep and pIx inches in 
diameter and one is 142 feet deep and six inches in diameter. The 
eight shallow wells are in two sets of four each, with each set con- 
nected to a common main running between the sets. Only one of these 
shallow wells is in ust . This well, together with the deep well, flows to 
a receiving well. Most of the water that formerly was collected 
by the shallow wells now enters the receiving well directly through 
tUes placed in the floor of same. The receiving well is built of brick, 
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covered with a conical roof, and is 30 feet deep^ 20 feet in diameter 
and has a capacity of 70,000 gallons. Both the shallow well and the 
receiving well get their water from a bed of gravel at the river It-vel. The 
deep well just enters the limestone, which lies 135 feet below the surface. 
The water is pumped from the receiving weU direct to the mains in summer 
and to a standpipe in the winter. The standpipe is 125 feet high and 25 
feet in diameter, with a capacity of 459,000 gallons. The pumps are 
horizontal, compound, duplex, made by the John A. McGowan Com- 
pany, and have a capacity of 1,000,000 gallons each. 

There are llf miles of mains, giving some 80 per cent, of the popu- 
lation access to the water. There are 280 services, of which 276 are in 
use and only one metered. The average daily consumption is 126,000 
gallons, and the average per consumer is 75 gallons. 

The annual water rttes are as follows : 

Private houe, each family^ , 15 00 

" bath tubs, each 2 00 

" water c1r>8ets, each^ 2 00 

*' stables, one hor8<% and carriage 1 00 

Meter rate per 1,000 gallons is 10 cents, with $10 for the minimum 
charge for a small meter per year. 

Wausean — Population 2,210. The water works was put in by the 
village in 1897, first operated April, 1898, and has cost to date $25,000. 
The supply Ip from two wells, each 185 feet deep and eight inches in 
diameter; only one of the wells is in use now. The wells go through 
■hale, fine gravel and into coarse gravel, where the water is found. The 
w»tter comes lo within 30 feet of the surface, and is pumped to a receiv- 
ing well by a Downey deep w«ll pump of 400,000 gallons capacity. The 
water can be lowered 75 feet by this pump, but it has never reached this 
limit yet. During ordinary pumping, the well not in use and 150 feet 
away, is six feet. The receiving well is built of brick and is covered 
with a conical tin roof; it is 19 feet deep and 30 feet in diameter, with a 
eapacity of 100,000 gallons. The water is pumped from this reservoir to 
a standpipe by a horizontal, compound, duplex, Smith- Vaile pump of 750,- 
. 000 gallons capacity. The standpipe is 12 feet in diameter and 120 
feet high, and has a capacity of 100,000 gallons. ' 

Tde water works is situated one mile south of the town. 

There are 7^ miles of mains, giving 90 per cent, of the population 
access to the water. There are 125 services in use, of which 20 are metered. 
The average daily consumption is 45,000 gallons or an average of 60 
gallons per consumer. 
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The yearly water rates are as follows : 

'PrWate hooMs, five persons or leas^ $4 00 

£a€h additional person^ , 25 

Private baih tnbe, each .. .'. 2 00 

" water olosets, each 8 00 

** stables, one horse and carriage.. 2 00 

Meter rates per 1.000 gallons : 

i/sss than 100 gallons per day.. .^ , 30 

Five hundred to l,OOOffallons per day 20 

SUMMARY. 

Of the 221,757 people in the 15 towns having public water supplies, 
118,000 of these use the "hydrant", water or at least have it on their 
premises where it can be used. The water mains are, however, so exten- 
sive that some 170,800 of the people could get the water if they so de- 
cdred. Where the deep well waters are furnished nearly all those that 
have the water use it for domestic purposes, while the surface water sup- 
plied to tbe five towns is so poor and unpalatable, especially in summer, 
that the people are compelled to use private well water for domestic pur- 
poses. The general public cares Utile how polluted a water may be as 
long as it is ^lear and cool with no unpleasant taste or odor, and so when 
fhe surface waters get warm and foul smelling in the summer, or. muddy 
-daring heavy rains, they turn to the cool and clear well water, which 
may contain double the amount of pollution that the surface water has 
jind not show it at all. 

The following table contaias the summary in detail of both the 
water supplies and the sewage of these same towns : 
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First Report 



UPON THE 



CONDITION OF THE 



Public Water Supplies of Ohio. 



BY THE OHIO STATE BOARD OF. HEALTH. 



isee. 



Kq>riiited from the Thirteenth Annual Report of the Ohio State Board of Health. 



EEPORT UPON THE CONDITION OF PUBLIC 
WATER SUPPLIES OF OHIO. 



Under the provisions of the act of 1898, the State Board of Health 
is required to report annually upon the condition of public water sup- 
plies. 

The scope such an inquiry may take is only limited by the amount 
of money which can be devoted to it As the act referred to carried no 
special appropriation, the Board deemed it advisable for this year to offer 
a preliminary report upon the present condition of public water works, 
and, to some extent, their sources of supply. The inquiry has been fur- 
ther limited by considering only supplies taken in whole or in part from 
surface waters. This selection was made, as the surface supplies are most 
liable to pollution, and are also of more importance as regards the num- 
ber of persons using such water. Besides, the special preliminary report 
upon sources pf water supplies^ published last year as a special report, 
contains an excellent account of the deep well supplies prepared by 
Prof. Orton, State Geologist. 

The wisdom of providing for a study of and annual report upon the 
^^ondition of our public water supplies will not be questioned. Nothing 
more nearly touches the public health than the purity of the water sup- 
ply; and the condition of the public supplies can only be known by a 
syjBtematijD, continued study of the various sources from which they are 
derived. We feel confident that the value of this work will be seen, 
and that meann will be provided for a more thorough and comprehensive 
study of the subject hereafter. 

It is noted elsewhere in our annual report for this year that the 
Board is engaged in a study of all important streams in the State, and 
this report upon the condition of water works with surface water sup- 
plies should be read in connection with the reports upon stream con- 
ditions. 

The report here given concerns 58 cities, and villages using surface 
water in whole or in part, and with a combined estimated population of 
1,469,919. 

Each of these cities was visited by the engineer, who obtained his 
information at first hand, when possible, and when not, from the local 
-engineer, superintendent of water works, health officer or other person 
best informed upon the subject. It is astonishing to find the little atten- 
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tion given in many places to keeping records of public works, and it baa 
often been impossible to obtain desired information. 

Special attention was given to sources of pollution within 10 milefr 
of the intake ol any water works. This distance was taken because of 
the provisions of Section 2433, which is as follows : 

*'The jurisdiction of any corporation owning water works, to pre- 
vent or punish any pollution of the water, shall extend 10 miles beyond 
the corporation limits." (66 v., 209.) 

It should by no means be inferred that this Board gives support to 
the idea set forth in this statute that water sufficiently purifies itself in 
flowing a distance of 10 miles. It was simply desired to point out obvioua 
sources of pollution within that distance, which under present laws 
water works companies have power to prevent. 

Following is the report of Mr. Flynn, the engineer engaged for this 
work : 



SURFACE WATER SUPPLIES. 



BY B. H. FLYNN, C. E., 

BNOINKBK OHIO 8TATK BOABD OF HXALTH. 

IntroductioD. 

1. Surface Water : 

A. Ohio River. 

B. Interior Streams. 

C. Lake Erie. 

D. Wells and Galleries Supplied by Surface Water. 

2. Subsurface Water : 

Galleries and Wells Supplied by Subsurface Water. 

3. Surface and Ground Water. 

4. Subsurface and Deep-Seated Water. 
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INTRODUCTION. 



There are 71 cities and villages in the State that have water works 
supplied either wholly or in part with water from surface and subsilrface 
sources. Of the 39 which are supplies directly by surface water six re- 
ceive surface water through galleries or wells, 10 are supplied by subsur- 
face water and 16 have combined supplied of surface and ground water. 

Owing to lack of information as to the source of the public water 
supplies, and the inability of the engineer to visit every town in the State, 
it will, probably, be found that there are a few subsurface supplies not in- 
cluded in the above number. 

The term subsurface is applied to those waters which lie just beneath 
the ground level. The water may lie in sand and gravel from an old 
river bed, in loose rock, or in the ordinary soil, and is in reality a ground 
water, but it has but recently left the surface on which it fell as rain and 
contains nearly as much of the impurities due to surface pollution as the 
Water which ran-ofifin the streams instead of soaking into the ground. On 
some occasions this subsurface water might contain more of the suiface 
pollution than the run-oS water. Light rains would leach out the im- 
purities, soak into the ground, and give no run-off; heavier laiiis would 
first soak into the ground until that first became saturated and more 
imperviout», then the water would run-off in the surface streams cairying 
any objectionable water left. 

Sewe/8 discharging into flowing streams would not affect this sub- 
surface water to any appreciable extent, but thosesewers discharging into 
small ditches, which are dry in summer and give the sewage a chance to 
soak into the ground, would seriously pollute tbis subsurface' water. 

Leaky vaults, surface privies, night-soil burying grounds and garbage 
dumps are probably the chief source of pollution of this water. 

In course of time this subsurface water percolates through crevices 
and porous material and becomes the deep-seated water. It has under- 
gone a process of filtration and purification and may contain but little of 
the organic pollution in the original water. There is no sharp line be- 
tween subsurface and deep-seated water, but it is intended to keep in the 
former idass all those waters the purity of which is plainly influenced by 
Burfv^ce pollution. 
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The supplies have been divided into the following classes : Surfaoe 
water, subsurface water, and combined supplies, that is, supplied in pari 
by surface water and the rest by ground water. 

The surface water supplies have been divided into four subdivisions 
depending upon whether the source was (1) the Ohio river, (2) interior 
streams, (3) Lake Erie, pr (4) wells and galleries supplied by surface 
water. 

The combined supplies are divided into two classes (1) surface and 
ground water, and (2) subsurface and deep-seated waters. 

The following table shows the subdivisions, number of towns in each 
and the aggregate population of the towns ih each class : 



Source. 



^^urface water — 

(a) Ohio river 

(6) Inferior Rtreaoji , 

(c) Lake Erie 

(d) Wella aud galleries huppJied by suiface waier 

Total 

Subsurface Wal. r — 

WhI.8 nnd galleries supplieJ by nabburface ^ater 
Combined supplies — 

(a) Surface Hod ground water 

(6) Subsurface aud <leep-seat< d water 

Total .'...•....... 

Grand total ^ 




Total 
population. 



487,734 

346,734 

411,127 

18,760 



1,264,359 
95,929 

341,876 

7,8y2 

349 767 

1,710,055 



There are 82 cities and villages with a total population of 404,993 
which are rupplied with ground water. These are mostly snaall towns 
with populations varying from 260 to 2.000 or 3,000. 1 here is one city 
with a population of about 90,000, two with populations between 20,000 
and 30,000, three between 10,000 and 20,000 and 12 between 5,0( and 
10,000 and 64 with populations below 5,000. 

It is thus seen that the surface water supplies are of greater impor- 
tance than the ground supplies, more than four times as many people 
being dependent upon the. former as upon the latter. This ratio would 
be increased if all subsurface supplies were considered. It does not mat- 
ter much how these supplies are classified as Jong as it is borne in mind 
that nearly 2,000,000 people are dependent for water upon supplies that 
are liable to be polluted by the neglect and carelessness of their neighbors 
or themselves. 
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There are 153 towns with a total population of 2,115,048 that Lave s 
publip water supply of some kind. Thirteen of these towns, with a total 
population of 6,353, are not classed as urban as their individual popula- 
tions are below 1,000. 

One hundred and ten towns, with a total population of about 200,000, 
have no public water supplies. This numberincludespnly one town, Jack- 
ton, of more than 5,000 people, seven with 'populations between 3,000 
and 5,000, 19 with populations betwieii 2,000 and 3,000, and 85 with 
populations below 2,000 and above 1,000. 

The total urban population of Ohio, as estimated for 1899, is 2,308,- 

695. This includes all towns of 1,000 or more inhabitants. 

« 

Thus over 91 per cent, of the total urban population has a public 
water supply ot some kind or other. That is, the, above percentage live 
in towns that have water supplies, though all of each town's population 
cannot obtain the public water as the mains do not cover all the territory 
within the corporate limits, and all the people accessible to the mains do 
not use the water from them. It is a very difficult matter to bring about 
the abandonment of a well which has been in use for many years seem- 
ingly with no ill efiects. 

Following are the towns examined, grouped with reference to the 
source of supply : 

1. Surface water. 

(a) Onio river. Cincinnati, Bellaire, Bridgeport, East Liverpool, 
Ironton, Marliii's Ferry, Marietta, Portsmouth,. Steuben ville, Toronto 
and Wellsville. 

(6) Interior streams. Alliance, Bucyrus, Cambridge, Defiance, Den- 
nison, EJyria, Findlay, Fostoria, Lisbon, Monro^ville, Napoleon, Norwalk, 
Oberlin, Piqua, Toledo, Uhrichsvilie, Upper Sandusky, Warren, Wellsion, 
Youngstown and Zanesville. 

(c) Lake Krie. Aehtabula, Cleveland, Conneaut, Lorain, Port Clin- 
ton and Sandusky. 

(d) Wells and galleries supplied by surface water. Fairport, Galli- 
poUs, Greenfield, Painesville, Richmond, Ripley and Willou^hby. 

2. Subsurface water. 

Wells and galleries supplies by subsurface water. Ashland, Attica, 
Circlevillf , Greenville, Hillsboro, Kenton, Lailcaster, Nelsonville, Sprirg- 
field and Wadsworth'. 

3. Combined supplies. 



STATE BOARD OF HBALTH. 1 75 

(a) Surface and ground water. Akron, Bellevue, Canton, Columbufl, 
Crestline, Fremont, Harrison, Lima, Marion, Massillon, Nilea, Ravenna, 
TiflSn and Wooster. 

(b) Subsurface and deep-seated water. Eaton and Wapakoneta. 

The cities taking water direct from the Ohio river have unquestion- 
ably a poor supply. The river is subject to such frequent changes in level 
that the water is muddy for the greater part of the time, and it is always 
polluted wiih sewa}2:e. It. is impossible for the large cities on the Ohio 
river to discharge all their sewage into it without dangerouply polluting 
the same. The large volume of the stream is the only thing that pre- 
vents it from becoming an actual nuisance. 

The solution of the water question for tjaese river tow as is a diflBcult 
matter. Tb« protection of the stream from pollution is a problem to be 
solved only by national authority, as the stream and its branches pass 
through an i by so many states. The small towns may obtain a unable 
wat^r by means of wells and galleries in the b*^d ot the stream, but this 
method ha^ not as yet been madf^ practical for large cities. Gallipolig 
and Ripley obtain river water in this manner. 

Three Krge cities are irying to solve the question by fiitr.;tion, which 
seems to be the only thing left. 

It raw sewage is allowed to go directly into the river, i'. mu^t sooner 
or l«ier be abandoned as a source ot water supply, or the wat(» * must first 
be carofnliy purifi-d. 

Toe problem of a pure water supply for the cities using the interior 
streamTi should be of much easier solution, but unfortunately it U not. 

The State Bjard ot Health controls the iutroduction oi new sewer 
systems, but cannot as yet condemn those already in. , Thus there are 
a large numbtT ot towns using water from rivers which rec*^ive the sew- 
age of a-l the towns above them, some of which are b it a few miUs dis- 
tant. The rep(»rt on theSindupky watershed shows an example ot this 
wliiah would be h.ird to equal. That which permits tbi.s gros-? vio- 
lation of smitary law is the popular fallacy of the self-purifitation of 
streams in a few milen of fi »w. li is unfortunate that all visibl pol u- 
tion does disappear alter a short flow, and this is th^ only criterion to the 
popular mind. As the work of chemically and bacteriologicilly exam- 
ining river water continues the danger of using a sewage polluted witer 
will bscom*^ b:3tter recogaiz 'd, and the measures for prevention of pollu- 
tion more easily entbrced. 

As a class the supplies Irom the interior streams are bad, nearly all 
of them sufiering more or less from sewage pollution. 
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Alliance, Foatoria, Norwalk, Oberlin and Wellston impound the 
waters of small streams, which are comparatively free from sewage pol- 
lution. Cambridge, Dennison, Findlay, Uhrichsville and Monroeville 
use the water direct irom streams having little sewage pollution. Piqua 
obtains its wMter supply from a branch of the Miami and Erie canal at a 
point where ihe sewage pollution is not evident. The remaining 10 
cities uee a wat-r which is seriously polluted -with raw sewage. 

With cities taking water from Lak*- Erie the question of a pure sup- 
ply lies with each town itself. The lake as a whole is fret- from serious 
pollution 0*1 account of the enormous dilution suffV-red by the sewage 
emptied into it If this sewage is kept away from the ihtak^^s a pure 
supply of water can be had. Port Clinton, Ashtabula and Conneaut re- 
ceive a water which, as yet, is^not badly polluted, but if the sewer systems 
are extended and the sewage discharged.directly into the lake at the pres- 
ent outlet the wat^^r will, not long remain pure, and new intakes farther 
removed frr^nn the sewage will have to be built. 

Painesville colleots the lake wa^er by mtaus of galleriei?, and has a 
gold supply. Sandusky gets a water from the Sindusky bay, which is 
subject t) local sewage pollution. Lorain has a supply from the lake, 
opposite Bl",ck river, which carries a great deal 0: sewage; the city, how- 
ever, filters the water before using it. Cleveland obtains the lake 
water from a crib IJ miles out, but even at this distance the water is not 
free from sewage. In order to obtain a pure supply the city has under 
construction an intake tunnel which will obtain the lake water four 
m!les from shore, and in connection with this contemplates building a 
large intercepting sewer to carry all the sewage 10 miles down the lake. 

The five supplier* from wells and galleries supplied by purface water 
are good. Painesville, Fairport and Richmond have a common supply 
from galleries on the shore of Lake Brie. Ripley has wells on the banks 
of the Ohio river and obtains the river water, together with some ground 
water. Gallipolis has a system of wells, or rather filter boxes, in the bed 
of the Ohio. Onenfield and Willoughby have wells supplied by small 
streams. 

The subsurface supplies are on the whole good. Circleville and 
Springfield obtain an excellent water from extensive gravel beds by means 
of galleries. Lancaster obtains a supply from the same source by means 
of a gallery, but the water is unquestionably seriously polluted by sew- 
age being emptied onto the ground almost directly over the gallery. 
Ashland, Attica, Greenville, Hillsboro and Nelsonville obtain a similar 
water by means of wells. Wadsworth obtains a supply from springs and 
wells, which are influenced by the surface water. Kenton obtains its 
water from a hole excavated in the limestone rock. The supply is prob- 
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ably largely surface water which has percolated through crevices in the 
rock. Tbe level varies with local conditions ; therefore showing no re- 
mote origin of the water. 

The surface and ground supplies are so varied that no general state- 
ment can be maie, and the detailed reports following must be consulted. 
There are two reasons for the use of the two kinds of water which will 
apply in most cases. First, the o;:iginal supply was from ground sources, 
and, the quantity not being sufficient, recourse had to be made to a sur- 
face watf-r. usually with detriment to the quality of the water; or second, 
the original supply was from surface sources, and an attempt to improve 
the quality ha=« introduced the ground water, but the latter not being 
suffioinnt in quantity has compelled the surface supply to be retained in 
part at least; This latter reason is by far the most common one with the 
supplies under consideration. 

In the present list thwe are only two towns given using a subsurface 
and deep-seated water. This clas=>, together with the subsurface supplies, 
has not been thoroughly worked up, and the results are given lor what 
they are and not as representing a complete canvass of the State. 

Following are reports on the different supplies exanined, grouped' 
according to the classification" above. With the report on each water 
works there is annexed a short description of the private wells of the 
town, and also of the sewerage, together with a few remarks on the gen- 
eral sanitary condition : 

All the facts pertaining to the pollution of the water supplies of Alli- 
ance, Column bus, K-nton, Niles, Warren and Youngstown have been 
taken from the report by Prof. C. N. Brown, contained in the special re- 
port of the Ohio Slate Board of Health ior 1898. 



1. SUBSURFACE SUPPLIES 



(a) OHIO RIVER 

Cincinnati, Hamilton county, population 375,000. This city is the 
metropolis of Ohio. The actual population of the community is much 
larger than the above figure as there are a great many suburb towns sup- 
ported entirely by Cincinnati. Across the river, in K mtucky, are the 
cities of Covington, Newport, Dayton and Bellevue, many of the people 
of which are employed in Cincinnati. 

Cincinnati besides its large amount of general manufacturing is a 
shipping and commercial center of growing importance. 

Water supply — Owiagtr) the improvements in the witer supply of Cin- 
cinnati, which are now under way, only the briefest review of the present 
plant will be given. 

The first public water works was put in in 1820 by a private com- 
pany operating under a 99-year franchise granted in 1817. The plant 
changed hands several times and a number of attempts were made to sell 
^t to the city during the next 15 years. Finally, in 1839. fur the sum of 
$300,000 the city obtained pnsspssion of the plant, consisting ot a pump 
house, two pumping engines, reservoir, 19 miles of wooden pipe, three and 
one-half miles of iron pipe, land, etc. 

The water works has steadily grown from that time until it now con- 
sists of six stations, supplying seven different services. Four of the 
stations and five of the services are supplied with water from the Ohio 
river through the main station on Front street. The Lin wood station 
supplies two services from driven wells. T'le Front street station pumps 
the river water to the Thirdstreet reservoir and to Eden Park reservoir. The 
Third street reservoir supplies the low land along the river front and the 
Eden Rirk reservoir supplies the business portion of the city and the strip 
up the Mill Creek valley. The Eden Park reservoir water is repumped by 
the Eaen Park station and by the Hunt street station to tanks on Mt. Au- 
burn and to a tank in Eden Park. Part of the water of the Third street 
reservoir is pumped by the Price Hill station to the Western Hills service 
which supplies two suburban districts. Part is also pumped by the Cum- 
minsville station to supply a small district in the northwestern part of 
the city. The Third street reservoir was completed about 1850 and has 
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a capacity of 5,000,000 gallons. The Eden Park reservoir was completed 
in 1878 and has a capacity of 10,000,000 gallons. 
The following table shows the tanks in use : 



Name. 




Diameter in 
feet. 


Height in feet. 


1" 


Linwood. .«> 

Mt. Aaburn.. 

Eden Park 


1 
2 
1 
4 


20 
40 
30 
30 


25 

70 

' 20 

50 


64,051 

1,128,034 

95,178 


Price Hill - 


l,036i388 





The total pumping capacity in the Front street station through 
which all the city water, except that from the Linwood wells must pass 
is 99,236,160 gallons, divided among 16 pumps of every conceivable make, 
age and condition. The Linwood station has a pumping capacity of 
1,180,800 gallons, making a total primary pumping capacity of 100,416,960 
gallons. The four secondary stations contain 10 pumps, of 22.451.440 
gallons capacity. 

The following table gives the make, date ot installation, capacity, 
service and station of all the pumpe in u?e : 
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The auxiliaries in the above table were introduced about 1892, owing 
to the broken down condition of the pumps in Front Street Station. 
The pumps were of the horizontal type and were placed on a boat and 
on a movable incline, so that the level of the pump could vary with the 
height of the river, and the water always be kept within the suction 
distance of the. pump. 

The following table shows that amount, of water pump'^d by each 
primary station and the amount repumped by the secondary stations in 
1897: 



Sration. 



From Street (low service) l. 

Ffout Street (middle service) 

LIqwo d 

Total for primary stations... 

Hunt 8 reet (Ml. Auburn) ^f. 

Edeu Park ; 

Price Hill. 

CumnoLinsville , 

Total for secondary stations 



Amount in 
l^allons. 



2.847 022 474 

18,334,141,713 

11, 22^^,400 



16,192,392,587 

652,938,330 

2,137,178,606 

152.115,859 

96,550.205 



Per rent. 

of whole. 



17.68 

82.35 

.07 



100.00 

402 

13.20 

.94 

.59 



3,037,782,600 



18.75 



The Lin wood station was originally owned by the .villaije of Lin- 
wood, but when the latter was incorporated with Cincinnati, the water 
worke b-came part of the latter system. The supply is from two 6inch 
wells and two 8-inch wells, each about 100 feet deep. The wells go 
through sand and gravel to bed rock, the water being found in the 
gravel. 

There are 371.81 miles of mains in, giving nearly all Cincinnati 
access to the water and also a little outside territory. Therp are 46,674 
services in, of which 2,369 are metered and 618 are for elevators. 

The average daily consumption is 43,933,708 gallons, the average per 
consumer is 145 gallons, and the average per capita is 118 gallons, sag- 
gesting that there is still some well water used. 

The annual water rates are as follows : 

Private houses, one family, one or two rooms / |3 00 

** " " three or four rooms 4 20 

** '* " five or six rooms -. 5 20 

'' " *' eleven or twelve rooms 8 50 

'' " ** fifteen or sixteen rooms. 10 30 
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Private houses, each additional family $2 00 

" . bath tubs, each 2 70 

" water closets, self-closing, each 1 50 

*' stables, one horse and carriage 1 80 

Meter rates per 1,000 gallons : 

60,000 gallons or less per month 87 

637,500 gallons orover per month 87 

Owing to the serious poUu ion of the present water supply and ta 
the inadequacy of the present pumping station, a commission was ap- 
pointed to rtcommend a new supply to the city. As a result of the re- 
port of the commission the Ohio river is to continue to be the source of 
the supply, but the water is to be taken opposite California, above Cin- 
cinnati, n^nrthe Kentucky side, ia the channel of the river. Ttie water 
is to be first passed to large settling baRins, then filtered and pumped 
through t}ie new pumping stiti^n to the present distribution system. 
The site of the intake has been approved by the State Board of Health, 
but the method of filtration, not yet selected, mjir^t m-et with their ap- 
proval. Ti^e pollution of the river above the water works intake con- 
sists of the sewage of the eastern part of the ciiy and th* sewage of Belle- 
vue, Dayton and part of Newport, also sewage brought down by the 
L'ttlt' Miajn' river. The Cricinnati Health Department has a lit^t of 21 
sewers which empty above tl e water work«; two of tbfs art' storm sew- 
ers only, bat the drainage is irjm the tlirty streets and yards and makes 
it almost as obj* ctiouable as the true sewage. It is im possible to estimate 
the number of people tributary to these sewers, but it is not large com- 
pared with the population of Cincinnati, as intercepting sewers carry 
much of the ee^age below the water works. 

Sitverog^' ■ Cincinnati has the combined system of sewers with out- 
lets to the Ohio river and to Mill creek. Tiie sewers empty at the most 
convenient point inio the strtaniH, but seem to cauf^e no nuisance, owing 
to the large amount of water usunlly available. This is not tru**, how- 
ever, of Mill crfek, which is badly polluted and has lor many years been 
a source of annoyance. The sewers cover the large central portion of the 
city, leaving only the outskirts unprovided. No estimate can be given 
of the sewer count ctions, as no records have been kept. 

Vaults luuot be 10 feet deep, constructed of masonry and cement 
and eight leet from wells and cisterns. Owing to the poor construction 
of the vaults and the short distance, the well water cannot help being 
polluted. 

Bellairb, Blmont county, population 12,036. The city is sup- 
ported almost entirely by its mining, iron and clay interests. The river's 
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bank is lined with large blast furnaces and steel plants, which give em- 
plojment to large numbers of men. The city has paved streets and elec- 
tric lights, but it has a somewhat dirty appearance, as might be expected 
from the nature of its industries. 

Water "Supply — The water works is owned by the city, and has cost 
to date about $200,000. The first supply was introduced in 1872, the 
water being taken from the river just above the cutlet of Indian run. 

In 1884 a new intake just below the creek was put in. These tw6 
furnish the water for the city at the present time, though the water be- 
fore it reaches the intake is polluted by the sewage of the city itself. The 
sewage from the northern part of the city empties into Indian run some 
distance back from the Ohio river. The sewage then flows down to the 
river right over the old intake and then goes on to the new one. To 
make matters worse, a large steel plant just north of the run has dumped 
a large amount of ashes and slag into the river until quite a projection 
is formed. This causes the water in the river to eddy just below it, so that 
some of the sewage that empties into the river below the water works is 
carried up stream and over the intakes. Besides their own sewage the 
Bellaire water works receives the benefit of the sewage of Martin's Ferry, 
Bridgeport, Wheeling Island and Wheeling, all within five miles of the 
intakes. These cities represent a populatioi) ol 53,700. Of these, 36,500 
are accessible to the sewers and some 9,000 are already connected. 

The water is lifted by two pumps to a reservoir ' 215 feet above the 
low water mark of the river. One pump, built in 1878, is of single act- 
ing plunger type, with four pump cylinders at the water level, operated 
by an engine and gearing, giving a daily capacity of 500,000 gallons. 
The other pump is of the same pattern^ only the cylinders are double 
acting. This pump was ptft in in 1884, and has a capacityxof 2,000,000 
gallons per 24 hours. The, pumps are old style and in pretty bad shape 
at present. 

The reservoir has a capacity of 1,500,000 gallons when the watei 
stands 14 feet deep. It is carefully constructed of brick laid in cement, 
and is lully protected irom surface water. The reservoir is cleaned every 
year and no trouble is e^^perienced from growths of any kind. 

Nearly every one in the city has access to lUe water mains. There 
are 1,785 services in use, of which two, used by railroads, are metered. 
The average daily consumption is 2,000,000 gallons. It is estimated 
thai the three large enameling works use one- third ot this. Leaving out 
these manufacturing plants, the average daily consumption per capita 
for the population actually supplied is about 125 gallons. The water 
rates are as follows : 
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Private houees, three rooms or less ., $5 00 

" ** each additional room..... 76 

^* ^* each ad dilional person over five 65 

" water dosetiiy each .* 2 00 

" bath tubs, each 3 25 

*' stables, per head 1 50 

f There are no strictly private wells in the city. The wells are on the 
streets or public squares and the water is carried far and near. There 
are seven of these public wells, averaging 75 to 100 feet deep, and driven 
into the gravel bed to the level of the river. There are no dug wellp in 
town. 

Sewerage-^The combined system of sewers is in use, with outlets to 
the McMahan crtek, Indian run and Ohio rivei. About 75 ptr cent, of 
the inhabitants has access to the sewers and probably half 01 these are 
connected. The sewers emptying into the Indian run and McMahan 
cr^ek causH a nuisance in dry weather, as these two creeks are practically 
dry. 

As stated above, parts ^f the sewage system pollute the city water 
supply. 

Vaults are rf quired to be water-tight, but few are so constructed, the 
great majority being walled up with boards. No distance is specified 
from wells. 

Night soil is carried to the country and buried. 

Bridgeport, Belmont county, population 4,579; and Martin's 
Ferry, Belmont county. Population 9Jo6. These two towns are prac- 
tically one, as far as location ia concerned; the corporations join. They 
are lypical river towns, supported by the iron industries and the coal 
mines. They both hftve paved streets, elective" lights, a few sewers and a 
common water bupply. 

Wafer Supply — Martin's Ferry has a public water supply, put in by 
the city in 18^7, which had cost to January 1, 1898, $167,000. Arrange- 
ments have bef»n mAde by which Bridgeport has the use of the Martin's 
Ferry water at the hame rftte as the citizens of that town enjoy. Bri«!ge-, 
port owns and controls its own mains, which were put in shortly alter 
the completion of the works by Martin's Ferry. The citizens of the 
former town are dissatisfied, however, and are contemplating the erection 
of a plant lor iheniselves, but they will have difficulty in securing a Mte 
as favorable as that ol the Martin's Ferry station. This pumping station 
is situated on the banks of the Ohio river above the city and away from 
all local pollution. The first source of this is the sewage of Mingo Junc- 
tion and Steuben ville, 19 miles above. Of course the Ohio river receives 
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more or less pollution from surface drainage between these points, but the 
amount is insiginificant when compared with the large amount of water 
usually coming dowii the river. 

The water is pumped from the Ohio river to a reservoir 300 feet above 
low water. This reservoir has a capacity of 2,500,000 gallons, with a 
depth of 10 feet. It is cleaned every year, nothing but the mud settled 
out of the water is removed, and there is no trouble from growths of any 
kind. The sides of the reservoir are ripfapped and the bottom paved 
and cemented. 

There are two pumps in the station, both vertical, compound, duplex 
pumps, with differential plungers. One is a Gordon- Max well of l,0C0,00O 
gallons capacity, erected with the works in 1887. The other is a 2,000,000- 
gallon Hughes pump, put in in 1893. The average daily consumption 
is 1,500,000 gallons, bt which it is estimated one-third is used by Bridge- 
port Practically all of both towns have access to the water mains. In 
Martin's Ferry there are 1,133 services in, of which 1,037 are in use, six 
of these beiug metered. In Bridgeport there are 425 services in use, of 
which only one is metered. The average daily consumption per capita 
for the population actually Eupplied is 160 gallons. 

The water rates are as loUows, alike for both towns : 

Private hoase, two rooms $4 44 

" " four rooms..... 6 38 

** " siiroouis 8 04 

" " t«n rooms 11 40 

" *' each additional room 84 

" bath iub8,eacb 3 34 

^' water closet**, each .. 3 34 

** stbblei), per stall 1 66 

Meter rates per 1,000 gallons : 

Five hundrtd gallons or lefcs per day 30 

One thouBand to 2,000 gallons 20 

Three thousand or over 10 

There are no wells in UBe in Martin's Ferry, but it is estimated that 
30 per cent, of Bridgeport's population use well water, a few, filtered cis- 
tern water, and the rest the public supply. Private wells are from 30 to 
40 feet deep, getting the water in the gravel bed at the river level. 

Sewerage of Bridgfport^-Bndf!;epoTt has the combined system of 
seweie, with outlets to the Ohio river and Wheeling -creek. It is esti- 
mated that 90 per cent, of the population have access to the sewers and 
that 25 per cent, ot these are connected. This would give about 1,000 
PjBople the use of the sewers, with some 4,000 so situated as to be able to 
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use them if they so desired. The sewage seems to cause no uuisance and 
does not pollute the public water supply in any way. 

Vaults are constructed of planks and are in a very bad condition 
generally. During the hard rains the vaults are filled and the ground 
soaked with the filth washed from them. This could be remedied by 
making the vaults water-tight and by cleaning them frequently. Night- 
soil is taken to the country and buried. 

Sewerage of Martinis Ferry — Martin's Perry has a rather poor sewer 
system. The combined system is used, with three main outlets to the 
Ohio river. Not more than L5 per cent, of' the city's population has ac- 
cess to the sewerB, and not a fourth of these are connected. This gives 
some 600 people the use of the sewers and only 2,500 accessible to them. 
The sewage causes no nuisance and does not pollute the local water 
supply. 

Vaults are mainly constructed of planks and very lew are water- 
tight, but this does not make so much difference here^ as it is claimed 
that there is not a well in use in Martin's Ferry. Night-soil is buried in 
the country. 

East Livekpool, Columbiana county, population 20,000. This 
town is one of the growing manufacturing centers ot the State. It has 
electric cars and lights, paved streets, a water supply and a fair sewer sys- 
tem. The principal industry is the manufacture of all kinds of brick, 
tile and pottery. 

Waier Supply — The water works was put in by the city in 1879, and 
has cost to date about $210,000. The supply is from the Ohio river ai^d 
throug}i a 30-inch intake 480 feet long and leading to a small pump well. 
The water works is situated above all local pollution, the nearest serious 
sewage pollution being Allegheny and Pittsburgh, some 35 miles above. 

The water is pumped to the low service reservoir 320 feet above the 
river, and, by an auxiliary station, pumped from here to the high service 
reservoir, 2J^0 feet above the first, or it can be pumped direct to the upper 
reservoir from liie intake station. 

The low service reservoir has a capacity of 2,500,000 gallons, with a 
depth of 19 feet, and the high service one holds 1,500,000 gallons, with a 
depth of 16 feet. The reservoirs are both built of brick laid in cement, 
and both are without covers. The lower reservoir has to be cleaned twice 
a year, a large amount of mud being removed ; the upper one not so often 
on account of the sedimentation the water receives in the first one. 

The main pumping station contains two pumps of 5,000,000 gallons 
total capacity. One is a vertical compound, duplex Cope and Maxwell 
pump of 1,500,000 gallons capacity, erected in 1880. The other is a ver- 
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tical compound, duplex Gordon pump of 3,500,000 gallons capacity, put 
in in 1892. Both of these pumps can be run single or duplex. 

The upper reservoir and pumping station were built in 1892. Thi« 
station contains a horizontal compound, duplex Gordon pump of 
2,000,000 gallons capacity. There are some 23 miles of mains, giving 
80 per cent, of the population access to the water. There are 1,600 sw- 
vices in use, with 10 of th^ee metered. The average daily consumption, 
is 2,000,000 gallons, and the average per consumer«is 200 gallons. 

The annual water rates are as follows : 

Private houses, live rooms or less |6 Oft 

^* '' eacb additional room '. 1 (M 

" " each additional familj 6 65 

•" water closets, each 3 04 

" bath tubs, each 3 38 

'* stables, one horse and carriage^ 3 38 

Meter rates per 1,000 gallons : 

Two handred gallons or less per day.. 40 

Five hundred gallons to 1,000 gallons per daj.: 26 

Twenty thousand to 50,000 gallons per day^ 7 

The public water supply is used for domestic purposes by nearly 
every one that has it. There are about 250 private wells in use; these 
are mostly dug and from 20 to 60 feet'^deep, the lower ones getting their 
water in the river gravel. . 

Sewerage — The storm water is conducted to the river through gutten 
principally, there being but few storm water drains in use. There are 
about eight miles of sanitary sewers in, with two outlets to the Ohio 
river. Some 60 per cent, of the population have access to the sewert 
There are 630 connections to these, representing about 4,000 people. 

No new vaults are being allowed where access to the sewers can be 
had. The old vaults are not water-tight and no distance from wells is 
specified. Night-soil and garbage are dumped into the river or burie4 
along its banks. 

Ironton, Lawrence county, population 13,229. This city is the 
county seat of Lawrence county, and one of the principal manu.'ao 
turicg towns in the southern part of the State. It has a number of well- 
paved streets, street cars, water works, and a sewer system. The whole 
river front is lined with manufacturing plants, iron, clay and lumber 
being the principal products handled. Besides these staples there is ^ 
large amount of general manufacturing. 

13 BD. OF H. 
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Water Supply — The water works was put in by the city in 1871, and 
lias cost to date $192,000. The supply is direct from the Ohio river at a 
point opposite the lower part of the city. The water is pumped direct 
from the intake pipe to the mains, so the city has to take the water as it 
oomes. A reservoir will soon be put in which will help the water some. 
The local pollution of the river must be called serious. On the river 
bank above the water works there are five large lumber yards and mills, 
three iron furnaces, two fire brick plants, a nail mill and soAp works. The 
surface drainage from all these plants goes direct to the river. The 
banks are practically made up with their refuse, including enormous 
heaps of decaying sawdust. The nail mill seems to send no acid to the 
river, as it has a drain to a creek which empties below the water works. 
The soap works has a sewer direct to the river, through which. is dis- 
charged the refuse of the plant. This is a very oflfensive pollution. 
Three storm water sewers enter the river above the water works, bringing 
in the dirty surface water of a part of the city. 

Big Ice creek enters the river 2| miles above the waterworks; it 
brings in the drainage of the principal cemetery, the polluting influence 
of which is uncertain. The couniy infirmary is located about one-fourth 
of a mile from this creek and one-half a mile from the river. It has 
some 85 inmates, the sewage from whom is emptied over a blutf and soaks 
away into the ground. This may in time cause some pollution, but does 
not as yet. 

Of the towns above Ironton the following are within ten miles: 
Ashland, Catlettsburg, Sheridan and Coal Grove. Of these, the only one 
of importance is Ashland, Ky.; this is a growing town of some 6,000 peo- 
ple. It has a partial system of sewers and is at present extending them. 
There are as yet but few connections and the pollution of the river is 
not serious, but will be in time. 

When the sewerage system of Ironton was put in the principal question 
was whether to carry the sewage below the present intake or to move the 
water works farther up the stream. On account of the growing pollution 
of the river above, it was decided to keep the water works in its present 
place as far removed from the pollution above as possible, and to carry 
all the etwage oi Ironton below the intake. 

The intake is 16 inches in diameter and extends 140 feet from low 
water mark into the river. The water is pumped direct by two v^tical, 
duplex McDonald pumps of 1/250,000 gallons capacity each. One of 
these pumps wa** put in place in 1884 and the other in 1892. 

There are 209 miles of mains in, giving some 90 per cent of the 
population scenes to the waier. There are 1,650 services in, of which 
some 1,600 are in use. None of these are metered, as the water is too 
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muddy to permit of their use. The average daily coneumption is 1,400^ 
000 gallohfi and the average per consumer is 145 gallons. 
The annual water rates are as follows: 

j 

Priyate houses, one family, one room $5 00 

" ** each additional room 50 

" bath tubs, each^ 3 00 

" water cloaets, each 5 00 

** Btablee, one horse and carriage 4 00 

Cisterns furnish the principal supply of water for domestic use. 
These are usually filled with river water, but in a number of cases with 
rain water. It is said that there are but three wells in town and two of 
these are not in use; the only one used is a drove well some 130 feet 
deep. 

Sewerage—Ironion has essentially the separate system of sewers. 
Part of the system carries off storm water and sewage and part acts as an 
intercepting sewer. Rachel creek flows nearly the whole length of the 
town, one-fourth of a mile back from and parallel to the river, and 
empties into the latter below town. This creek carries nearly all the 
* storm water of the town, four small sewers carrying off the remaining 
portion. Owing to the location of the water works it was necessary to 
carry all sewage to the lower end of the city, so a sewer was laid under 
the bed of Rachel creek. 

This main sewer is the outlet of all sanitary sewers and also receives 
the dry flow of a few combined sewers, the storm flow of which passes 
direct to the ditch. This method keeps all the sewage out of the creek 
and prevents a nuisance. There are now 3.92 miles of combined and 
sanitary sewers in, and the system is being rapidly extended. There are 
558 connections made to the sewers, and some 40 per cent, of the total 
population have access to them. 

Vaults are now being done away with as rapidly as the sewer system 
is extended and the connections made. The vaults in use are from 20 to 
60 feet deep, going into sand and gravel near the river level. No attempt 
seems to be made to clean these out, and new ones are dug as required. 

Marietta, Washington county, population 12,084. This town is 
the county seat and the oldest place in the State. It has some manufac- 
turing, but the present life of Marietta is the oil boom. It has some 
fine paved streets, street cars, electric lights and a water supply. 

Water Supply— The water works was put in by the town in 1890, and 
has cost to date $127,525. The supply is direct from the Ohio river through 
two intake pipes, each 275 feet long and sixteen and eight inches in diameter 
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respectively. When the plant was first put in it was intended to obtain 
a ground water from a large well near the river, but the supply was 
too small and the water objectionable, so direct connection had to be 
made to the river. The lower part of this well was filled upland ^the well 
used to set the horizontal pump in. . , 

The nearest serious sewage pollution of the Ohio river is the cities 
of Bellaire and Wheeling, some 75 miles above. There are a number of 
small towns which send some sewage to the river, the nearest of which is 
seven miles away. This latter place is a small village, with but a few 
private sewers. 

The water is pumped to two tanks by two Gordon pumps, both put 
in in 1891. One of these is a horizontal duplex pump of 750,000 gallons 
capacity ; this one is placed in a well so as to be within*the suction limit 
for low water. The other pump, put in in the same year, is a vertical 
compound, duplex pump of 1,000,000 gallons capacity. The tanks*are 
on the hills back of town, which gives them an elevation Vof 206 feet 
above the pumping station. There are two steel tanks, each 66 feet^in 
diameter and 30 feet high, giving a combilied capacity of 1,500,000 Igal- 
lons. There are a little over 21 miles of mains in, giving some 95 per 
cent, of the population access to the water. There are 1,211 serviceslin, 
of which about 1,100 are in use and about five of these metered. The 
average daily, consumption is 1,250,000 gallons and the average per con- 
sumer is 200 gallons. A great deal of water is used in the fiush tanks 
attached to the sewer system. 

The annual water rates are as follows : 

Private housee, one to three rooniB $3 00 

*' ** four rooms 4 00 

** " fi ye rooms 6 00 

*' ** each a<iditional room 50 

" bath tubs, each 3 00 

** water closetF, each 2 00 

** BtableB, one horse and carriage 3 00 

Meter rates per 1,000 gallons : 

One hundred to 500 g a Ions per daj 36 

One thousind five huudred to 3,000 gallons per day- ; 25 

Over 20,000 gallons per day 10 

The city water is in general use now, but there is a great deal of com- 
plaint on account of lis muddy condition for a greater part of the year. 
The private water supply is limited, there not being more than a dozen 
wells in use. Thepe are 30 to 40 feet deepy obtaining their water in abed 
of gravel at the river level. 
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Seuoerage^METhtisLhsBs. system of sanitary sewers^with three out- 
lets direct to the Ohio river. Thf se sewers are flushed by tanks and some 
roof water. The storm water is carried off by surface drains and gutters. 
There are some 10.3 miles of sanitary sewers in, giving a large percentage 
of the papulation access to them. . There have been 620 permits issued to 
tap the Fewers, nearly all of which are for water closets. No vaults are 
allowed to flush to the sewers. The flow from the main sewer, a 2-foot 
tile, cannot reach the channel of the river during low water, and this 
causes some nuisance. New vaplts must be water-tight, but the old ones 
are not so constructed and are in bad shape. 

Night-soil is buried in the country. Garbage is dumped on the low 
banks of the Muskingum river. 

Portsmouth, Scioto county, population 13,446. Portsmouth, the 
county seat of Scioto county, is one of the oldest towns of the State. Its 
industries consist of the usual river trade and some manufacturing. It 
has a number of well-paved streets, with suitable storm sewere and water 
supply, but no sanitary sewers whatever. 

Water Supply — The water works was put in by the citv in 1871, and 
has cost to date S 185,000. This cost includes the bonds only, and not the 
amounts spent from the annual revenues. The supply is direct from 
the Ohio river at a point opposite the upper end of the town. This point 
is above all local pollution and 2Z miles below Ironton, the first serious 
sewage pollution of the river. Sciotoville is, only six miles above 
but it is a small village with no sewers. 

The water is pumped from the river through two intake pipes, each 
20 inches in diameter and extending 550 feet into the river from low 
water mark. At the end of each pipe is a perforated copper strainer. 
The water is pumped direct to the hiains by two pumps, one a vertical 
compound, duplex Laidlow-Dunn-Gordon pump of 6,000,000 gallons 
capacity and the other a vertical compound, duplex Worthington pump 
of 3,000,000 gallons capacity. The first was put in in 1894 and the other 
in 1892. It is diflicult to keep the pumps in repair owing to the large 
amount of sand pumped bodily from the river. 

There are 25 i miles of mains, which give some 95 per cent, of the 
population access to the water. There are 3,000 services in, of which 
2,550 are in use. Meters cannot ba need on account of the mud and sand. 
The average daily consumption is 1,750,000 gallons and the average per 
consumer is 185 gallons. 

The annual water rates are. as follows : 
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PrWate hoaMTy foar rooms or Imi $6 00 

*• " each additional room 1 00 

" baOi tube, each.. ..„ 4 00 

" water c)oMtB,cach 4 00 

" Btabie«, one horse and carriage^ 3 00 

• There are no private wells in uee in Portsmouth. Nearly every one 
uses the city water, many storing it in cisterns first, to allow sedimenta- 
tion and to tide over the worst stages of the river. Some of the cisterns 
are filled with rain water. 

Sewerage — Thfre are about 10 miles of storm sewers in use, with one 
outlet to the Ohio river and two to the Scioto river. Bath and sink con- 
nections are made to the storm sewers, but no water closets are allowed, 
though it is said three or four connections have been made. There are 
no sanitary sewers in use, every one using the outdoor vault or cesspool. 
These vaults or cesspools are 20 to 50 feet deep, going into the river gravel, 
which carries ofif the liquid, allowing them to fill up slowly with solid 
matters. When they are full, new ones are dug beside the old and the process 
repeated. A shoe factory has a large yard punctured with these holes full of 
filth. This system has polluted the ground water to such an extent that 
wells are out of the question. 

Steuben viLLE, Jefiferson county, population 14,534. Steubenville is 
he county seat of Jefferson county, and one of the oldest cities in the 
State. It has quite a number of well-paved streets, fine residences, elec- 
tric lights, water works and some sewers, all indicating a prosperous com- 
munity. The principal industries are iron, glass and clay manufacturing, 
together with more or less coal mining. 

Water Supply — Steubenville has had a public water supply since 
1810, and the city has always owned and controlled it. The plant com- 
plete is valued at $256,457, of which $201,137 has just been spent on the 
new water woiks, and the remainder is the valuation of the old plant. 
The Ohio has always been the source, and will probably so continue to be. 

In 1895 a new pumping station was built north of the city, the old 
one being down in the heart of the business district. The new intake is 
near the West Virginia side of the river, the channel being on that side 
at this point, and above all local contamination, a great improvement in 
this respect over the old location. The only local pollution of the Ohio at 
the present location of the intake is from the village of Toronto (population 
5,000), GJ miles above the water works. Wellsville (population 7,800) 
and East Liverpool (population 26,000) are only 18 and 21 miles respect- 
ively above the intake. It is not to be expected, however, that the river 
fully recovers from the ^effects of the eewage dumped into it from the 
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dozen or bo oities within less than 75 miles; dilution is the only 
thing that makes the water at all potable. 

The water is pumped from the river through two '24-iDch intake 
pipes, which are laid in a trench in the bed rock of the river over to the 
channel on the West Virginia side. It is claimed that the river is 20 feet 
deep here during the lowest stages. The two pumps in use now were put 
in by the E. P. AUis Company in 1895. They are vertical compound, 
duplex pumps of 3,(X)C,C00 gallons capacity each. The water is pumped 
to a new reservoir having a capacity of 5,000,000 gallons and 312 feet above 
the pumps. This reservoir supplies direct the high pressure mains used 
for domestic service. ' The water flows from this high pressure reservoif 
to two lower reservoirs. Th«e low pressure reservoirs belong to the old 
works and have a combined capacity of 2,000,000 gallons. They are 
about 100 feet above the city, while the high pressure reservoir is 250 feet 
above. Thus 160 foot pounds of work are lost on every pound of water 
consumed by a large part of the domestic services of the city. The 
reservoirs are all paved and cemented, but not covered. They are cleane4 
once a year by scraping and flushing out the mud. 

There are something over 17.5 miles of mains in the low pressure 
system and about 10 in the high pressure or fire system. These maine 
give practically the whole population access to the water. There are 
3,500 services in, with none metered. There are 2,800 families using the 
city water, the rest of the services being to shops, stores, etc. 

The average daily consumption is 2,200,000 gallons, allowing 2 per 
cent, ior slip of the pumps. The average daily consumption per con- 
sumer is 145 gallons. 

The annual water rates are as follows : 

Private houtes, two rooms or less.. $2 00 

** " each ftdditional room 1 00 

** water cl octets, each.. ^ 4 00 

" baihtubp,each '. '. 2 00 

'* stables, one horse and carria)(e , 2 00 

Meter rates range from five to 50 cents per 1^000 gallons. 

The city water is used almost entirely; there are very few private 
wells in use. There are a few dug wells 40 to 50 leet deep and a few 
springs used for domestic purposes. 

Sewerage— There are about 2.7 miles of sewers, with two outlets to the 
Ohio river and one to Wells run. They carry off some storm water, but 
most of that is taken care of by surface drains. There are 380 water 
closets connected to the sewers, representing about 2,280 people. The 
sewage causes no nuisance, and now causes no pollution of the water sup- 
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ply. There are no vault regulations. Vaults are usually constructed of 
brick or plank. Garbage is dumped over the river bank. Night-soil and 
dead animals are buried in tho flats near the river. 

ToHONTo, Jeflerson county, population 5,000. This village is sup- 
ported almost entirely by the tile industries. It has electric lights, some 
paved f^treeiH and a water supply, but no sewer system. 

WaLr Supp y—The water works were put in by the village in 1891, 
and have coHtto date $80,000. The supply is from the Ohio river, through 
a 16-inch intake, 650 leet long, leading to a small pump well filled by 
gravity. During high water this well is filled almost to the pumps and 
sometimes over them. The local pollution to the supply is the small 
amount of sewage from Wellsville, 10 miles above, and East Liverpool, 
18 miles above. 

The waier is pumped to a reservoir by a vertical compound, duplex 
Gordon pump of 1,500,00() gallons capacity. The plunc^ers of the pump 
are 38 feet below the steam cylinders. The reservoir is 325 feet above the 
pQmf>s and has a capacity of 3,000,000 gillons. It is 145 by 185 feet, giv- 
ing an area of .0) acres. The-sidfe are made of rubble laid in cement 
and the bottom is grouted. The reservoir is cleaned out every year. 
Tht* intake is covered with gravel, and the water of the reservoir can be 
turned bnck into the pip-* to wash the sand and muvi out of the same. It 
ta the Aim to fill the rej<ervoir only when the river is clear, and as it holds 
a tt*n days' supply, this can he done to eome extent 

There are nine miles of mains, giving about 90 pt^r cent, of the pop- 
filAtiou acc**^8 to the water. There are 400 services in use, with three 
tt)e*fr vl. The :ivera>ie daily on sumption is 300,000 gallons and the 
avt Trtije pt-r ix>nsainer is V2^^ gallons. It is es imated that 90 per cent, of 
the ptopU* drink cistern water. There are not more than a dozen private 
Wells in uj^o. 

v^' :.Y-.r;r'— The surface drainage and sewerage is direct to the Ohio 
river. Tiiere is only one sanitary 8*?wer in town : this covt-rs the three 
prino pal streets. There are several storm water drains, some emptying 
into tne river above the water works intake. Thtre are about 25 eonnec- 
lions to I he sanitary sewer? and three or four i > the siorm sewtrrs. There 
an* sex era! private sewers to the river and a f-^v enter above the water 
work"*. The j>er cent, of the total p^^pnlalion having access to the sewers 
k v« ry su.H.\ l^ss tl^an UK 

Vav. ts ar- not rvcu'.at^^d in any way and r.one are water-tight. Gar- 
K^ire is duuK^Hl over the river ?^uk auvi n.*: hi soil is bau.t^i to the 
ivuntrv. 
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Wellsville, Columbiana county, population 7,800. This village 
has electric lights, paved streets, electric cars, a public water supply, but 
no sewers. It is supported principally by its large railroad interests. 

Water Supply — The water works were put in by the village in 1881, 
and have cost to date about 870,000. The supply is from the Ohio river, 
through a 10-inch intake pipe 600 feet long. The pumps are connected 
direct to the pipe, the end or which is perforated to act as a screen. 

The local pollution of the river is from the sewage of East Liverpool, 
only three miles distant. The sewage of some 4,000 people in this city 
is sent direct to the river. The water is pumped to the reservoir by a 
horizontal compound, duplex Worthington pump of 1,500,000 gallons 
Capacity, er^^cted in 1895. There is an old Worthington pump of the same 
capacity, put in in 1881, but this is not in use. The pumps are down in 
a well to bring the river water within suction distance. The reservoir is 
350 feet above the pumps and gives a pressure of about 100 pounds on 
the streets. It is round and has an area of .6 of an acre. Tbe sides of 
the reservoir are bricked, but not cemented, and are badly overgrown 
with weeds. The reservoir is cleaned out every year and is in bad con- 
dition. There are about eight miles of mains in, giving 90 per cent, of 
the population access to the water. There are 750 services in use and 
none are metered. 

The average daily consumption is said to be 1,250,000 gallons, but 
must be lesd, as this would give an average per consumer of 300 gallons, 
which is much too large for this town. 

The annual water rates are as lollows : 

Private houses, five rooms or lees $5 00 

*•' " each additional room .1 1 00 

" bath tubs, each.. ..: 3 00 

'* water closetc, each , 2 60 

** stables, one horse and carriage 3 00 

There are but few private wells in use ; these are drilled and get 
their water in the river gravel. Five of six dug wells get sur/ace water 
only 15 to 20 feet down. Many families use cistern water for domestic 
purposes. 

Sewerage — There are no sanitary or storm sewers in use. The surface 
drainage is to the Ohio river, through ditches and gutters. There are 
about 15 private sewers to the river, to which some 50 families have 
water closets attached. 

Vaults must be 15 feet deep and constructed of brick or stone. None 
of them are water-tight and no distance is specified from the wells. 
Night-soil is hauled to farms. Garbage is buried on vacant lots. 
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(6) INTERIOR STREAMS. 

The reports upon the water supplies of Defiance, Findlay, Toledo^ 
and Napoleon will be found with the specia"! report on the Maumee 
watershed, and those upon Bucyrus and Upper Sandusky will be found 
with the special report on the Sandusky watershed. Thes6 two reports 
accompany this report.* 

Alliance, Stark county, population 11,878. This is one of the* 
many manufacturing towns in the Mahoning Valley. The principal in- 
dustries are the engineering works, foundries, boiler works, etc. Alliance 
,has a good sewer system, a water works, paved streets and electric lights. 

Water Supply — The water works were put in by a private company 
in 1883. On April 1, 1899, the plant was purchased by the city for 
$198,000. 

The supply is taken from the Mahoning river, just north of town,, 
where the river has a watershed of 73 square miles. This area is devoted 
almost entirely to agriculture and dairying, there being only a few small 
country coal binks. There are also several creameries and cheese fac- 
tories, which were reported to be in good condition, causing no nuisance. 

The Fairmount Children's Home, having some 200 inmates and 
officers, is two miles south of Alliance, and is situated on a small run 
that empties into the river above the city. They have an underground sys- 
tem of sewage disposal which has worked well so far, but in case of stop- 
page the sewage would enter the river and endanger the Alliance water. 
The most serious pollution to the water, however, is a run which passes 
through part of Alliance and through East Alliance carrying surface 
drainage and some sewage. It is reported that several private sewers 
empty into this run, also the drainage from 'two large maQufacluriog^ 
plants and a hotel. 

An intake pipe entering the river above a dam carries the water to a 
canal, through which it Sows for about 600 feet, emptying into a subsid- 
ing reservoir, then Sowing through another canal about 800 ieet long to- 
the pump well. The dam is 125 feet long, six feet high and backs the 
water up five miles. Five feet of the river water is available for water 
supply at the dam, but sand bars prevent the water in the upper part of 
the river from coming down, so that on an average two feet of water is 
available, or about 25,000,000 gallons, unless the bars are cut through 
when more could be obtained. ' 

The reservoir is 300 by 400 feet and 3^ feet deep, giving a storage 
capacity of 3,000,000 gallons. The reservoir and canals are excavated 
in a mixture of clay, sand and gravel, forming a very fair bottom. 
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Owing to the rapid growth of water grasa and moss in the reservoir, it 
must be cleaned once a month during the summer or about six times a 
year. After the first spring cleaning only a small amount of mud is re- 
moved each time. * 

The water is pumped from the small pump well to a standpipe by 
two pumps, the one put in in 1883 is a compound, duplex Worthington 
pump of 1,000,000 gallons capacity ; the other put in in 1892 is a com- 
pound, duplex Worthington of 2,000,000 gallons capacity. « The stand- 
pipe is 95 feet high, 20 feet in diameter and has a capacity of 220,000 
gallons. 

There are 13 miles of mains in, giving some 60 per cent, of the pop^ 
ulation access to the water. There are 1,153 services in, of which 1,000 
are in use, and of these 30 are mett-red. The average daily consumption 
is 1,400,000 gallons, and the average for each consumer is 230 gallons. 
The railroads use about 237,000 gallons of water daily, which subtracted 
from above would make the average daily consumption about 190, which 
is still much too large, and could easily be reduced by the general intro- 
duction of meters. 

The average water rates are as follows : 

Private hoases, one f ami] 7 : $6 00 

" bath tub?, each.. 6 00 

" water dosets, each 6 00 

^* stables, one horse and carriage 3 50 

Meters are charged s, small Annual rental, depending upon size. The 
rates for dwellings per 1^000 gallons is 50 cents and for manufacturing 
establishments 25 cents. 

The city water is in general use where available. - The private wells 
are usually dug and from 15 to 20 feet deep, entering the shale where the 
water is found. 

Sewerage — Alliance has the separate system of sewers. There are 8.6 
miles of sanitary sewers in, giving some 75 per cent, of the population 
access to them. The surface drainage is taken care of by 4 5 miles of 
storm sewers and by ditches and gutters. Parts of the storm water sew- 
ers consist of the old combined sewerd, and these are said to have a few 
closet connections to them still. One of the particularly objectionable 
storm drains, as mentioned above, empties into tbe river abovn the water 
works.. There are 274 connections to the sanitary sewers, most of which 
are for water closets. The sanitary sewers are connected to a main lead- 
ing to a chemical disposal works situated on the river bank opposite the 
water works. , This plant was completed July 1, 1896, at a cost of $20,- 
755.62. The operating expenses, repairs, etc., for 1898 were $1,611.75. 
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The sewage is received into the plant mixed with lime, conducted to 
the settling basins without previous screening of any kind, there the 
sludge is precipitated and the clarified effluent is permitted to pass to the 
river. 

There are three precipitation tanks, 40 by 80 feet, and when full 
containing six feet of sewage. These are constructed in a substantial 
manner, with brick wallp covered with stone copings, and each connected 
b^'^ Buitab]e piping to a common sludge well of similar construction. 
When it is necessary to clean out a tank it is disconnected from the rest, 
the sewage is allowed to settle, the clear vater drawn off by a skimmer 
pipe and the sludge flushed to the sludge well, from which it is pumped 
to the filter prees and pressed into cakes. These sludge cakes are carted 
to a dump, which is the only nuisance of the plant, as the stuff is grad- 
ually collecting, not being hauled off fast enough. 

The chemical mixers, filter press, sludge pumps, effluent pumps, 
boilers, etc., are all housed in a substantial two-story brick building. On 
account of the low level of the bottom of the basins, they cannot be drained 
directly to the river during high water, and so must be drained to a clear 
water well, from which the water is pumped to the river. 

During the year 1898, 176 tons of coal and 64f tons of lime were 
used, 130,000,000 gallons of sewage were, treated and 227 tons of sludge 
precipitated and pressed, or a daily average of 964 pounds of coal, 355 
pounds of lime, 1,241 pounds of sludge, 356,000 gallons of sewage, and a 
daily cost of $4,415. 

TJhis gives an average of seven grains of lime to each gallon of sew- 
age, from which resulted about 24 grains^ of sludge. The effluent is 
slightly milky, but causes no nuisance in the river. 

The construction of vaults is not regulated, so none are water- tight. 
Night-soil and garbage are hauled to any available farm. 

Cambridge, Guernsey county, population 6,329. Cambridge is a 
country town, supported by the neighboring farmers and coal miners. It 
has a few paved streets, a water works, and is now putting in a few 
sewers. 

Water Supply — The water works were put in by the city in 1896, and 
have cost to date $60,000. The supply is from H ills creek, a sluggish, 
muddy stream winding in and out among the hills from which every 
rain washes down the clay and dirt. The only source of pollution within 
ten miles is the village of Bjesville, some six miles up the creek. This 
place has a population of 1,000. It has no sewers, but all the drainage 
from yards and streets finds its way direct to the creek. Hog pens are 
located on the banks of the creek and cattle have access to it at all times. 
A great deal of water is pumped to the creek from the coal mines. 
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A small dam in the creek backs the water up over the intake, from 
which it is pumped to a standpipe by a horizontal compound, duplex 
Dunn-Gordon pump of 3,000,000 gallons capacity. 'The standpipe, 
located on a hill between the station and the city, is 60 feet high and 25 
feet in diameter, giying a capacity qf 200,000 gallons. 

It is estimated that 75 per cent, of the population have access to the 
water mains. There are 110 services in use, of which 100 are metered. 
The average daily consumption is 600,000 gallons and the average per 
consumer is 90 gallons. None of the water is used for domestic purposes, 
the consumption above mentioned being due to the use of the water by 
railroads and factories. 

All water is supposed to be sold by meter, and^meter rates only are 
quoted in the rules and regulations. 
/ Meter rates per 1,000 gallons: 

Less than 100,000 gallons per year.. $0 25 

Two hundred and fifty thousand to 500,000 gallons per year 15 

Over 750,000 gallons per year 8 

Private wells furnish fair water, as there are 'but few vaults in use 
and these are water- tight. The majority of the wells are dug and from 
20 to 30 feet deep, obtaining their water just above the shale, which is 
found at that depth. There are a few drove wells oa the hills, which go 
through the shale to the sandstone ; these furnish a good water, as the 
shale k^eps out most of the surface drainage. 

"" Sewerage—The village is just putting in a sewer on one of the prin- 
cipal streets. It will empty into Wills creek below the water works, and, 
as it will have but a few connections for some time, will probably cause 
no nuisance. 

There are but few vaults in use, the dry earth clQset being the most 
common substitute. Night-soil is taken to the country and buried. 

Dennis(»n, Tuscarawas county, population 5,278. Uhrichsville, 
Tuscarawas county, population 5,123. These two villager can very ap- 
propriately be considered together, as they have a common water supply. 
They lie on opposite banks of the Big Stillwater creek, which forms the 
boundary between them. Both of the places are manufacturing and 
railroad towne, and dirty and smoky as such towns always are. Each 
has a number of paved streets, electric lights and the use of water from 
one of the public works. 

Water Supply — Both villages are supplied with water by the Denni- 
son Water Supply Company. There are separate contracts with this 
company, but they are practically the same for each. 
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The water clause in the contract with the village of Dennison reads as 
follows: ^'The water shall be from filtering galleries or wells adjacent to 
the Big Stillwater creek, with direct connection to the creek to be used in 
cases of emergency." The contract is for twenty years, date Septembers, 
1887. The plant can be purchase4 by the city any time after fifteen 
years have elapsed. 

The company is at present taking the water direct from the creek, as 
a new filter is being put in. The water was taken at first by means of a 
gallery as required in the contract, but the fine mud ot the creek soon 
made the wails of the gallery impervious and direct connection had to be 
made to the creek. The filter now under construction is fifty-eight by 
ninety-eight feet, and will contain three feet of gravel and sand screened 
into three layers from ordinary river gravel, " The water will pass direct 
from the creek to a small well, then on to the filter bed, l)<Bing collected 
after passing through the sand by underdrains and emptying into a pump 
well. There will be nothing to regulate the rate of filtration except the 
rate of consumption. This filter will be counted a success if it removes 
the fine yellow clay with which the water is burdened the greater part of 
the year. 

The water is lifted by two pumps two hundred and fifty feet to a reser- 
voir on a hill overlooking the cities. One is a horizontal, compound, du- 
plex Holly pump of 2,000,000 gallons capacity put in in 1892 and the 
other is a horizontal Worthington pump of 1,000,000 gallons capacity put 
in in 1888 when the works were first started. The reservoir, capacity | 

3,000,000 gallons, has brick sides and bottom and no surface drainage can j 

reach it. I 

Big Stillwater creek above the intake has very little fall. ' l^he creek I 

winds in and out among low hills which furnish the clay with which the I 

creek is loaded th):ee- fourths ot the time. Most of the land bordering the . 

creek is in pasture. There is only one village, Newport, within ten miles. 
It is a small place polluting the watershed no more than so many farm 
houses. 

It was very difiicult to obtain all the information desired. The num- 
ber of services in either town could not be learned. The average daily 
consumption is 1,300,000 gallons. This is due to the large amount used 
by the railroads It is estimated that about nine-tenths of Dennison 
has access to the water and about seven-tenths of Uhrichsville. No one 
drinks the public water on account ot the mud and bad color. 

The water rates are as follows: ^ 
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PriTate houses, six rootni or less...^ •... $5 00 

" ** each additional room 76 

" bath tube, (cold) each 2 50 

bath tubs, (hot) each a 50 

*' water closets, each '. 5 00 

*' stables, one horse 3 00 

Meter rates per 1,000 gallons: 

One hundred to 500 gallons per day 85 

One thousand to 2,000 gallons per day ^ 25 

Oyer 10,000 gallons per day ^ 16 

The private wells in the two cities are mostly dug, the depths i^sging 
•from 12 to 50 feet. Owing to the common use of vaults the wells 
cannot furnish the best of water yet, well water is depended upon almost 
entirely for domestic purposes. 

Sewerage of Uhrichsville — Uhrichsville has the separate system of 
sewers principally, there being a few storm sewers that have house con- 
nections. The sewers empty into Big Stillwater and into Little Stillwater 
creeks. About 60 per cent, of the population has access to the sewers, 
but not half of these have connections in. It is estimated that some 1,200 
people use the sewers. The one outlet into Little Stillwater creek causes 
a nuisance when the creek is low. The storm water is taken care of 
mainly by. surface drains supplemented by a few short tiles to which 
there have been made several house connections. 

Vaults are required to be water-tight or of the dry earth pattern. 
These rules are not strictly enforced however, knd they are usually built 
to suit the owner. No distance is specified from wells. 

Sewerage of Dennifion — Dennison has combined sewers, all of which 
empty into the Little Stillwater creek. The sewage of Dennison in 
connection with that of Uhrichsville makes this creek pretty foul below 
the outlets especially in the dry summer weather. While about one-half 
of the village's population has access to the sewers, but very few are con- 
nected to them. It is estimated that the sewers are used by about eight 
hundred people. 

Vaults are required to be water-tight but are not so built, every one 
in town leaking. Quite a number are now being built of thirty-six-inch 
tile, closed at the bottom with cement forming a tight vault. Night-soil 
is carried out to the country and buried. 

Elyria, Lorain county, population 8,252. Elyria, the county seat 
of Lorain county is one of the prettiest small cities in Ohio. Its connec- 
tion by electric cars with Oberlin, Cleveland and Lorain makc^ it an ideal 
residence place. It has some manufacturing. Its water supply is poor 
and the question of a new one is being discussed. 
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Water Supply — The water works were put in by a private company in 
1879. On July 1, 1898 the city obtained control of the plant for a con- 
sideration of $45,000. The plant originally cost much more than this. 
The supply is from the west branch of Black river. The water id im- 
pounded by two dams, the first one is at the southern edge of town near 
the water works and the second is a little over oneand a half miles farther 
up the river. The dams are each eight feet high and one hundred and 
thirty feet long, but the first backs the water up one mile and the second 
two and a half miles. It is estimated that the combined storage capacity 
of the two impounding reservoirs is 150,000,000 gallons. This figure is 
much too high, probably 76,000,000 gallons is nearer the actual capacity. 
The purity of the water must be afifected seriously by some of the follow- 
ing sources of pollution : the surface drainage of the villages ot Oberlin, 
Lagrange, Rochester and Wellington, the effluent from the Oberlin sew- 
age farm, and the sewage from the county infirmary. As Oberlin is a 
clean, well-sewered town its surface drainage is not as foul as it would be 
otherwise. The drainage from the small villages mentioned is not much 
different from that of the whole watershed which is very thickly populated. 
The influence of the Oberlin sewage farm in not known. The efflu- 
ent of the farm enters a branch of the Black river seven miles above the 
water works intake. This effluent at ail times is clear and seems to cause 
no nuisance, but whether the dangerous bacteria are removed from the 
sewage is by no means certain. The county infirmary is one-half mile 
southwest of Elyria; the average number of inmates is one hundred and 
ten. The sewage from this* institution enters a small run which empties 
into the west branch of Black river just above the second dam. In sum- 
mer this run is dry and none of the sewage reaches the river except what 
may be washed down by heavy rains. During wet seasons probably all of 
the sewage is carried to the river. Thus the chances for the pollution of 
the water supply are quite lirge. The liability of pollution from the 
large rural population, the uncertainty of the complete purification of the 
sewage of Oberlin, and the sewage from the infirmary all combine, to 
make the present source very undesirable. 

The water is admitted to a small brick pump well through a 12-inch 
pipe, which enters the river just above the first dam. The water is 
pumped from this well direct to the mains by two Worthin^ton pumps. 
One put in in 1879, is a horizontal, duplex pump of 1,500,000 gallons 
capacity, and the other put in in 1897, is a horizontal compound, duplex 
pump of 2,000 000 gallons capacity. The water was formerly pumped to 
an elevated tank, but the support of this was failing and it was removed. 
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There are nine miles of mains in , giving some 50 per c^nt. of the popu- 
lation access to the water. There 636 services in, of which 540 are in use 
with none metered. The average daily consumption is 800,000 gallon* 
and the average per consumer is 250 gallons. • 

The annual water rates are as follows : 

Private hoasesi five rooms or less $5 00 

" *' each additional room .« 100 

" bath, each 3 00 

*« water closet, each 3 00 

" stables, one horse and carriage.. 1 50 

The city water is not used for domestic purposes at all, except in a 
few cases where private filters are used. There is a^private well for every 
three or four houses; these supply all the water for domestic use. Most 
of these wells are from 60 to 70 feet deep ; the lower 50 feet is in sandstone. 
There are still a few surface wells eight to 10 feet deep in use. Filtered 
cistern water is also used to some extent. 

Sewerage — Elyria has nine miles of combined sewers and a lew short 
storm water drains. The sewers have two outlets into Black river, nine 
into its west branch and 15 into the east branch. Most of these sewers 
empty into the deeper parts o\ the river and cause no nuisance except in 
extremely dry weather, while a few empty into shallow places and cause 
a nuisance in ordinary summer weather. It is estimated that 65 per 
cent, of the population have access to the sewers, and that there are 350 
water closets connected with them. 

All new vaults are required to be water-tight, but the city contains 
many old ones, which are either planked up or have no walls at all. 4- 
large number of dry earth closets are in use. Night-soil and garbage are 
buried on the city dump ground, which is near Black ri^er and some dis* 
tance north of the city. 

FosTORiA, Seneca county, population 9,000. The population of Fob- 
toria has decreased within the last year, owing to the removal of the glass 
factories. It is quite a railroad center, five roads going through the place 
The industries consist of a large planing mill, a carbon works, iucandes- 
cent lamp works and the usual small foundries and lumber mills. It has 
a public water supply and would have an Excellent sewer system if it 
were kept in proper condition. 

Water Supply— The water works were put in by the city in 1891 and 
1892, and have cost to date $223,580.88. 

The supply is ta^en from Portage creek one-half mile south of the city 
by means of a diverting canal. At the head of the canal the creek is prQ^ 

14 BD. or H. 
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vided with three gates Biz feet high and Beven feet wide, which can be 
raised and lowered so that when the creek water is objectionable it can be 
excluded from the canal. This canal, 21 feet wide, two feet deep and 
8,400 feet long, carries the water of the creek to the upper reservoir, which 
has an area of 12 acres and a capacity of 25,000,000 gallons, with a depth 
of some six feet. From this reservoir the water is led to a lower one by a 
conduit three feet in diameter and 400 feet long. This reservoir has an 
area of 18 acres and holds 120,000,0iX) gallons, with a depth ot 19 feet 

The upper reservoir banks are not paved in any way, and the site 
was not stripped of vegetation. The large reservoir, however, is well 
built, the sides carefully paved, and the bottom excavated to a considera- 
ble depth. 

Portage creek is dry nearly all the time, as it only has a watershed of 
some 32 square miles. The reservoirs are there/ore filled by storm water 
only, the main supply coming from the spring and fall freshets. The * 
diverting gates are left open except during flood time, but not closed 
down until the first flood has washed out the creek. 

From the main reservoir the water flows onto a small circular filter, 
in the center of the bed of which is a small iountain, by means of which 
the water is slightly aerated. The filter has an area of 6,300 square feet, 
and the bed consists of a foot of sand on top of 18 inches of gravel. The 
water is collected by wooden underdrains and carried to the pump well, 
the surplus going to a small basin holding some 500,000 gallons. The 
pui^p well holds 200,000 gallons, giving with the basin nearly two days' 
supply of filtered water, so called. The filter acts as a strainer only, re- 
moving the coarser suspended particles. It is cleaned yearly by scraping 
ofl* the top and putting in clean sand. The water is pumped to a stand- 
pipe by two horizontal, compound, duplex Gordon pumps of 1,500,000 
gallons capacity each. The standpipe consists of a tank 25 feet by 100 
feet placed on a stone tower 65 feet high. This gives a pressure of 70 
pounds at the station and 60 pounds oh the city streets. 

There are 17.88 miles of mains, giving some 80 per cent, access to the 
tjity water. There ara 739 taps in, but only 408 in use, of these 98 are 
metered. The average daily consumption is 454,000 gallons, and the 
average per consumer is 180 gallons. This figure includes, however, all the 
water used by the raiiroadtii, lactones and by some 34 flush tanks on the 
eewer system. 

In 1895 three wells were put down to supplement the surface water. 
These are 200 feet deep and 5| inches in diameter. ^They are connected 
with an air-lift and are supposed to supply 100,000 gallons each, but they 
are not in use and have not been for some time. 

The water rates are as follows: 
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Private honee, one lancet ^ : $5 00 

" each addiUonal faucet 1 50 

" bath tube, each..... 8 00 

" water closets, each 3 00 

** stables, one horse and carriage 8 00 

The meter rates for 1,000 gallons are : 

Twenty-five thousand to 60,000 per year 19J 

Six hundred thousand to 700,000 per year 15i 

Four million to 6,000,000 per year.. 8 

Over 5,000,000 per year- 7 

' As the city water is muddy at times and is not drunk then, the pri- 
vate supply is important. Nearly every house has a private well; they 
are mostly drilled and are from 20 to 40 feet deep. The limestone lies 
about 80 feet below the surface, and most of the wells get their water 
from or just above it. 

Sewerage — Postoria has spent a^'great deal of money oa her sewers, 
and would have a good system if they were only oared for properly. 
There are 23^ miles of sewers, giving some 75 per cent, of the population 
access to them. There are 250 water closets connected with the sewers ; 
no vaults are allowed to be connected, though a few may be. The sew- 
ers at present empty directly into the east branch of the Portage river, 
but as soon as the sewage farm is in working order all of it will be filtered 
before it reaches the river. The sewage farm was planned to be a very 
efficient disposal plant, but the plans have been changed until the work- 
ing of the plant will be entirely experimental and tbe results uncertain. 

There are nine acres of land laid out in beds and underdrained ready 
for the sewage. This is to be run to two large tanks and then pumped 
from these to the beds by a centrifugal pump, operated by a gas engine. 
No separation of the sludge is to be allowed, everything to be pumped to 
the beds. This method of applying the sewage will probably resutl in 
clogging the beds', making it necessary for them to be continually scraped, 
giving poor results and high operating expenses, the very thing the plans 
were changed to reduce. 

Portage creek was formerly very foul from the sewage, but it has 
been straightened and deepened, and now is not so objectionable. The 
local gas plant sends its waste to the creek, which causes as much of a 
nuisance as anything. 

Nearly every house in town has a vault. These are required to be 
water-tight and 50 feet from a well, but the old ones do not fulfill tritse 
conditions. Garbage and night-soil are disposed of individually, usually 
'being taken to the country. 
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Lisbon, Columbiana county, population 2,529. This is a quiet, old 
village, kept alive by tbe fact that it is the county seat. It has a few 
paved streets, water works and a few sewers. 

Water Supply — Lisbon has had a water works of some kind or other 
for the last 50 years, and the plant has always been owned by the village. 
The first supply was from a small impounding reservoir in the hills back 
of the town, and was used for fires only. In 1887 four wells were put 
down near Beaver creek, but these soon failed and direct connection had 
to be made to the creek. West of the village is a dam on Beaver creek^ 
from which a race runs down to a mill near the water works. A 6-inch 
main leads from the tail race of the mill to the supply well of the water 
works. This enables the creek water to be obtained above all local pol- 
lution. Bleven miles above the water works the sewage of Salem enters 
Salem creek, and 10 miles above the^drainage of Leetonia enters Leetonia 
creek; and these two creeks unite eight miles above Lisbon to form 
Beaver creek. The sewage of Salem is enough to condemn the creek as 
a source of public supply. Seven miles above the water works a cream- 
ery sends its waste to the creek. Juet below this a pleasure resort has a 
dam in the creek which forms a pond for boating. The dam is eight feet 
high and 50 feet long a^nd backs the water about one-fourth of a mile. 
The well to which the intake pipe flows is cut out of the rock, and is 18 
feet in diameter and 30 feet deep. The water is pumped from this well 
to a reservoir by a duplex Gordon pump of 500,000 gallons capacity and 
by a compound, duplex Worthington pump of 1,500,000 gallons capacity. 
The former was put in in 1887 and the latter in 1895. 

The reservoir is 50 feet square and 20 feet deep, with a^. capacity of 
375,000 gallons. It is built of stone laid in cement, carefully protected 
from surface drainage, but not fenced in or covered. 

There are five miles of mains in, giving about 75 per cent, of the 
population access to the water. There are 250 services in use, of which 
only one is metered, the water being too muddy for the use'of meters. 

The average daily consumption is about 200,000 gallons and the 
average per consumer is 130 gallons. 

The annual water rates are as follows : 

Priyate hoQHe, six rooms or less.. ,.. f4 00 

" each additional room 50 

" bath tubs, each 3 33 

** water clogets, each ..$2 80 to 4 00 

" stable, one horie and carriage.. 8 33 

Owing to the muddy condition of the hydrant water for the greater 
part of the year it is of little use for domestic purposes. * The private 
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water supply is from dug wells 15 to 60 feet deep, depending upon whether 
they are in the valley or in the hills. The water seems to be obtained 
from a small vein of iron ore. 

Sewerage — The surface drainage and sewerage is to Beaver creek and 
to a small ditch leading to it. There are about five miles of combined 
sewers in, with seven outlets to the creek direct and two into the ditch. 
These sewers give about 75 per cent, of the population access to them. 
There are not many connections as yet made to the sewers, nearly every 
one using the outdoor vaults. These are usually boarded up and are re- 
quired to be 50 feet from the wells. The sewage causes some nuisance 
when the creek is low, but has caused little complaint on account of the 
remoteness of the objectionable outlets. 

MoNROBviLLE, Hurou county, population 2,000. This village has a 
water supply and electric lights, but no paved streets or sewers. The in- 
dustries consist of an organ factory, bent wood works, and two tile works. 

Water Supply — The water works were put in by the village in 1898 at 
a cost of $19,000. At the same time an electric light plant was put in 
under the same roof. This cost $11,000. The water supply is taken di- 
rect from the west branch of the Huron river at a point near the southern 
part of town. There are two or three small villages on the watershed of 
the river, but the pollution is not any greater than from an ordinary 
rural population. 

The intake for ordinary use consists of a conduit five by five by 
thirty-two feet long extending under the stream. For fire purposes a 
16inch main admits the water direct. The intakes lead to a well 12 feet 
in diameter and 14 feet deep irom which the water is pumped to a stand- 
pipe by two pumps. One is a small Rumsey power pump of 25,000 gal- 
lons capacity and the other a Hughes pump of 1,500,000 gallons capacity. 
The small one was put in so that the engine which runs the dynamos at 
night could pump water in the daytime. The stand pipe is 12 feet in 
diameter by 120 feet high with a capacify of 105,000 gallons. 

There are six miles of mains in, giving nearly the whole village ac- 
cess to the water. There are 143 services in use none of which are 
metered. The average daily consumption in summer is 500,000 gallons and 
in winter 20,000 gallons. The average for the year is probably about 
100,000 gallons and the average for each consumer is 110 gallons. The 
plant is new and not in perfect running order as yet. 

The only rate established is that for a private house which is $5. 

The hydrant water is not drunk at all, everyone using well water for 
domestic purposes. The private wells average 16 feet in depth and ob* 
tain their water in a bed of gravel and sand lying just under the soil. 
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Sewerctge — There is no eystem of sewers in as yet though several 
houses have private ones to the river. Vaults must be 50 feet from wells, 
but none are water-tight. Quite a number of houses use boxes which are 
emptied frequently. 

NoRWALK, Huron county, population*8,867. Norwalk is the county 
seat of Huron county. It is quite a railroad town, both the W. & L. E. 
and the L. S. & M. S. having large repair shops here. There are a num- 
ber of minor industries also. The town has paved streets, an electric car 
line to Sandusky, a fair sewer system and a water works. 

Water Supply'-:-The first water works was put in by the village in 1871. The 
supply was from Peru and Coal creeks, pumping direct. This plant has cost 
¥150,000 to date. A new supply is just being introduced from impound- 
ing reservoirs on Norwalk creek, which with the new standpipe and 
pump house will cost 8125,000. 

For the old supply small dams were built in Peru and Coal creeks 
and the water pumped direct from the reservoirs thus formed. Then 
Peru creek was abandoned and the whole supply pumped from Coal creek. 
This supply became unsatisfactory and the new supply from Norwalk 
creek is just being introduced. 

Two large impounding reservoirs were built on the creek just east 
of the corporation line. These were formed by building two earthen 
dams with masonry core walls each 35 feet high, the first or lower one is 
2,100 feet long and the upper one 2,125 feet long. The first reservoir is 34 
feet above the city and has an area of 35 acres and a capacity of 160,000,000 
gallons* The upper reservoir is 61 feet above the city and has an area of 
45 acres and a capacity of 220,000,000 gallons. The only pollution possi- 
ble seems to be from the ordinary rural population. 

When the plant is finished the water will be pumped from the lower 
reservoir to a standpipe by a new horizontal compound, duplex Snyder- 
Hughes pump of 3,000,000 gallons capacity. The standpipe is to be 30 
feet in diameter and 100 feet high, with a capacity of 530,000 gallons. The 
basB of the standpipe is 41 feet above the city streets. In the old station 
at the junction of Peru and Coal creeks, the water was first pumped by a 
Holly pump, in 1878 two compound, duplex Worthington pumps of 
500,000 and 2,000,000 gallons respectively were put in. During the first 
part of the last year these pumps supplied the town from Coal creek, now 
it is supplied by gravity from the new upper reservoir with the old 
pumps held in reserve for fire purposes. 

There are 19.9 miles of mains in, giving some 90 per cent, of the 
population access to the water. There are 1,072 services in, of which 942 
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are in use, none of which are metered. The average daily consumption 
is 1,411,000 gallons and the average per consumer is 240 gallons. 
The annual water rates are as follows : 

Private honse, fiye rooms or lera,. *.. $5 00 

" each additional room.. 60 

bath tabs, each.. 2 00 

water closets 1 50 

stable, one horse and carria|(e » '6 00 

Where available the city water is used entirely. Surface wells sup* 
ply those unaccessible to the city water. 

Setoerage—N or walk has the combined system of sewers. There are 
11.6 miles in, giving some 65 per cent, of the population access to them. 
The outlet of the sewers in the southern part of the town is Norwalk 
oreek, the northern ones empty into ditches which lead to Huron river. 
The sewers have been put in piecemeal, and connections are not recorded, 
so information was hard to secure. It is estimated that one-half of those 
having access to the sewers are connected, this would make about 30 per 
cent, of the population. During dry weather the sewage causes a nui- 
sance and an intercepting sewer to carry the sewage below town is talked 
of. One-half of those not connected to the sewers use dry earth closets. 
Vaults are constructed in any manner though the law requires them to 
be water tight. Night-soil is buried,, no special place being provided 
for it. 

Ob^rlin, Lorain county, population 5,731. Oberlin is a college town 
and Has no other interests whatever. Its affairs are administered by in- 
telligent men and public improvements should be first-class. It has a 
number of well paved streets,^ a good sewer system, and a good water 
works. It is connected by elecfcric railways to Elyria, Lorain and Cleve-* 
land. 

Water Supply— The water works were put in by the village in 1887, 
and have cost to date $81,000. The supply is from the east branch of 
Vermilion river. The water ia brought by gravity to the storage reser- 
voirs through an 8 to 10-inch tile pipe line six miles long. The line is 
not absolutely water-tight and some ground water seeps in. A small dam 
two feet high and 32 feet long backs the water up over the intake in the 
river. 

The watershed of the river above the intake has an area of 11 square 
miles. This area includes nothing but the ordinary rural population 
and proper care and supervision would reduce the pollution to a mini- 
mum. It is said that it is the custom to wash sheep in the river during 
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shearing time. Another source of pollution may come from the barn- 
yards located near the pipe line as the latter is not water-tight. 

The water flows to a large reservoir, then to a smaller reservoir, 
finally to a pump well, and is then pumped to an elevated tank. The 
large reservoir was built in 1896 to furnish additional storage so that the 
low stages of the river could be tided over and the water would have 
alonger time for sedimentation. The reservoir has an area of about four acres 
and acapacity of 15,260,000 gallons. This gives a period of six months ior 
sedimentation. The walls of the reservoir are carefully paved and all 
surface drainage is excluded. The small reservior is a brick well of 
1,000,000 gallons capacity. It was originally the only storage available. 
As the water used is surface water there has been no trouble from growths 
in the reservoirs. 

The two pumps used were put in by the Dean Pump Company, in 
1887. They are each of 1,000,000 gallons capacity, but one is compound 
and the other is not. iThe tank is 18 feet in diameter and 35 feet high 
with a capacity of 66,000 gallons and is placed on a stone tower 40 feet 
high so that the average head against which the pumps worE: is 80 
feet. 

. There are 8.5 miles of mains in, which give some 80 per cent, of the 
{)opulation access to the water. There are 535 services in use of which 
212 are metered. The fiverage daily consumption is 83,000 gallons and 
the average per consumer is 35 gallons. 

The annual water rates are as follows : 

Private house, six rooms or lef:p, each f ami l7» fS 00 

'* " each additional room , 50 

'* bath tubs, each .*. 3 00 

** water closets, each , 3 00 

** 8tablee,ODe horse and carriage : 3 00- 

Meter rates per 1,000 gallons: 

Less than 500 gallons per day 30 

Over 1,000 gallons per day « 20 

Meter rt-nt per year 1 50 

Where it is available the hydrant water is used entirely. The private 
water supply is from dug wells kom 18 to 23 feet deep which get their 
Water on top of the shale which is found at the above depth. The water 
is liable to pollution from privies and is considered bad. 

Sewerage — Ob^irlin has the separate, system of sewers. The storm 
wat^r is carried principally by gutters to Plum creek, a branch of the west 
branch of the Black river. There are 8.6 miles of sanitary sewers in, 
giving some 80 per cent, of the population access to them. Nearly 1.5 of 
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thi8 coasists of an 18-inch trunk sewer which carries all the sewage to the 
disposal ground. There are 450 connections to the sewers, of which 400 
are for water closets. Cellars are connected with separate drains placed 
beside the sanitary sewers. 

The sewers were put in during 1892 93. The separate system was 
-decided upon as the small Bow of Plum creek would necessitate the 
purification of the sewage. In 1894 the sewage disposal farm was pre- 
pared. The village acquired 20 acres of land, lying on hoth sides of Plum 
creek and about a mile east of the corporation. Three and one-half acres 
of this land has been laid out in beds and underdrained for intermittent 
filtration, and one and three-fourths acres have been underdrained 
slightly for broad irrigation. The land c'ost $1,500 and $990 have been 
spent on construction. From this it can be seen that everything was 
done in the simplest manner possible. The sewage as it comes from the 
trunk sewer enters a manhole where the flow can be diverted from one 
settling basin to the other alternately. There are two of these basins 
each 32 feet by 10 feet by three feet deep. They are mere pits excavated 
in the ground, the sides boarded up and covered with a flat board roof. 
The sewage enters these basins, the heavy matter settles, floating particles 
^re caught by a submerged board, the sewage passes out over a measuring 
wier and enters a ditch leading to the beds. The three and one-half acres 
are divided into 12 beds by small earthen ridges one foot high. The 
sewage is carried to the* beds by small ditches and spread over the same 
by damming the ditch and overflowing the sides, allowing the sewage to 
run out on the beds. These ditches were made by running a deep 
furrow with a plow and trimming up the sides with a spade. When it is 
necessary to divert the flow, a shovelful of earth efflBCtually closes the 
-ditch. The beds are underdrained by two and a half and four-inch 
agricultural tile placed 20 feet apart. The one and a half acres used 
for broad irrigation are underdrained only in the low places. The sewage 
is distributed over this area by small ditches as above. 

The soil of the upper part of the farm is composed of clay mixed with 
gravel and the lower part consists of a sandy loam. The fields are kept 
in. grass principally. 

The sludge held in the settling basins is pumped once a week to a 
tank wagon and hauled to the back of the farm where it is spread over 
the soil and plowed under. Crude carbolic acid is used in the basins 
aftfr cleaning to destroy the smell. 

The farm disposes of 75,000 gallons of sewage daily and 300 gallctns 
of sludge. The effluent enters Plum creek and is carried to the west 
branch of Black river. No nuisance is caused at any time and the puri- 
fication is complete as far as appearance goes. 
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The population of Oberlin not accessible to the aewers use outdoor 
privies provided with a shallow pit. Vaults are not allowed. Night-soil 
is carried to the country. • 

PiQUA, Miami county, population 18,184 This town is the county^ 
seat of Miami county. It is one of the older places that flourished during 
the canal period in the state. Piqua has paved streets, electric lights and 
cars, a water works and some sewers. The industries consist of three 
paper mills, a woolen mill and general manufacturing. 

Water Supply-^The water works were put in by the city in 1876. 
The water works proper have cost the city $90,000 to date and the 
hydraulic canal $269,000. 

The supply is from the "hydraulic," a branch and feeder of the 
Miami and Erie canal. The hydraulic leaves the main canal at Locking- 
ton and joins it again below Piqua, gathering up much surface drainage 
on the way and furniiahing a supply of. water to Piqua, also the power to- 
pump it and to run several manufacturing plants. Just above the water 
works the canal broadens into three reservoirs, in all some 100 .'icres in 
area. The reservoirs and the canal are badly overgrown with weeds and 
moss, as the sides and bottom are not paved in any manner. The water 
is pumped from the hydraulic direct to the mains by two power pumps. 
One of these is a Flanders pump of 2,000,000 gallons capacity, and the 
other a Gordon-Maxwell pump of 1,500,000 gallons capacity. 

There are 24^ miles of mains in, giving some 90 per cent, of the 
population access to the water. There are 1,400 services in use, none of 
which are metered. The average daily consumption' is 1,500,000 gallons 
and the average per consumer is 175 gallons. 

The annual rates are as follows: 

Priyate hoases, kitchen use .! $2 00 

" bath tubs, each- 2 GO 

" water closets, each 2 00 

** stables, two horsf s and carriage 1 00 

The city water is not used for domestic purposes to any extent, the 
main dependence being placed on private wells. About two-thirds ot 
these are shallow dug ones, from 15 to 30 feet deep, getting their water 
in a bed of gravel. The others are drilled and go 10 to 12 feet into the 
limestone which h about 25 feet below the surface. 

Sewerage — The separate system of sewers is in use now. One-half of 
the town is drained by the storm sewers and about one-fifth is reached by 
the sanitary sewers. The outlets of the sewers are to the big Miami 
river. 

There are 180 water closets and a few vaults connected to the sani- 
tary sewers. The sewage together with the refuse of a woolen mill causes 
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considerable nuisance, especially during low water. The nuisance i& 
aggravated by the dam two and one-half miles below town which backs 
the water up to the sewers and prevents the sewage and refuse from flow- 
ing away. The dam is four feet high and 250 feet wide, forming a pond 
area of about 70 acres. A state dam three miles above town keeps the 
river pretty low at Piqua and also makes matters worse. - 

Vaults must be 50 feet from wells and water- tfght, but neither regu- 
lation is enforced. Night-soil is hauled to the country. 

The three paper mills discharge their refuse to the canal and make it 
very offensive at times. 

Warren, Trumbull county, population 8,573. This city is the 
county seat of Trumbull county. It has a large amount of general man- 
ufacturing and not so much of the iron industry that characterizes the 
neighboring towns. It has 3.6 miles of paved streets, a sewer system and 
a water supply. 

Water ^upp'y'-The water works were put in by a private company 
in 1887. • The franchise was granted September 10, 1886, to run for 20 
years. It contains a clause giving the city the option of purchasing at 
the end of any five year period. It also states that the water shall be 
taken from the Mahoning river, above Camp and Randall's dam and shall 
be conducted through settling basins or reservoirs and filters to free it 
from all impurities. The supply is taken from the Mahoning fiver just 
above the dam mentioned above. The pollution of the river above the 
intake consists of the effluent of the Alliance sewage disposal works which 
enters the river 46 miles above, a number of small villages, the nearest of 
which is Leavittsburg, the Trumbull County Infirmary and a storm drain 
in Warren. 

Leavittsburg, a village of some three hundred people, is six miles 
from Warren by river. The surface drainage is reported by Prof. Brown 
as being particularly objectionable and as a menace to the purity of the^ 
river water. The Trumbull County Infirmary has some 126 inmates and 
oflScers and is situated 1.5 miles back from the river on Youngs' branch, • 
which enters the river 1.5 miles above Warren, making the infirmary 
three miles distant by water. The women's building has a complete 
sewer system and a part of the men have access to sewered closets. The 
sewage enters the branch direct and must seriously affect the Warren 
water. Arrangements are now being made to purify the sewage from 
the infirmary. A storm sewer in Warren, draining a small section in the 
northern part of the city enters the river only a short distance above the 
intake. The sewer has no closet connections, but carries much objection- 
able surface drainage and should be carried below the water works for an 
outlet. 
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The dam at the water works is 6 5 feet high, 250 feet long and hacks 
the water up ahout three and one-half miles. The water before passing 
to the mains is filtered by a Warren mechanical gravity filter plant of 1,500,- 
000 gallons cap icity, installed in 1895. The water is pumped from the 
river by a centrifugal pump to the settling basin, receiving on the way a 
solution of alum as a coagulant. It passes through the settling basin onto 
the filters, through them to the clear water reservoir and is then pumped 
to the standpipe and mains. The settling basin is about 50 feet long, 22 
feet wide and 11 feet deep, holding 80,000 gallons, with a division wall 
through the center so arranged that tbe water has to travel the length of 
the basin twice. The clear water basin is 16 by 30 by 11 feet deep and 
holds nearly 50,000 gallons. The settling and clear water basins are con- 
structed of masonry and are lined with cement. The filters consist of 
five wooden tanks, each 10.5 feet in diameter and contain 22 inches of 
sand. They are the standard gravity Warren filters with suitable screens, 
piping and mechanical agitator for. collecting the filtered water and for 
washing the sand beds when they become clogged. 

The coagulant is measured by ti small tubular water wheel actuated 
by the centrifugal pump, so that the amount of solution is kept in direct 
ratio to the quantity of water pumped. The amount of alum used per 
gallon is varied by changing the strength of the alum solution, which is 
checked by a hydrometer. The amount of alum used is varied with the 
<;ondition of the water, muddy water requiring much more than clear. 
The plant uses from 260 to 420 pounds of alum for 24 hours. This with 
an average daily consumption of about 1,000,000 gallons, would give 
from 1.8 to 2.9 grains of alum per gallon. This amount of alum should 
remove a large percentage of the bacteria. The settling basin is cleaned 
about once a week. Each filter is washed from two to four times a day, 
depending upon the condition of the water. 

The water is forced to the standpipe by two compound, duplex, con- 
densing Dean pumps of 1,500,000 gallons capacity each. The standpipe 
is 140 feet high, 22 feet in diameter and has a capacity of 398,000 gallons. 
There are 17 miles of mains in, giving about 60 per cent, of the popula- 
tion access to the water. There are 1,000 services in, ot whicn 903 are in 
use and 140 of these metered. 

The average daily consumption is 1,080,000 gallons and the aVerage 
per consumer is 200 gallons. 

The annual water rates are as follows : 
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PrWate houses, six rooms or less.. ; $6 00 

*' " each additional room 60 

. ** bath tubs, each 2 75 

" water closets, each 2 50 

** stables, one horse and carriage 2 50 

Meter rates per 1,000 gallons : 

^One hundred to 200 gallons per day 25 

Fiye hundred to 1,000 gallons per day 20 

Over 5,000 gallons per day 15 

The tap water is satisfactory and is used where available. There 
are a number of private wells in use and filtered cistern water is drunk 
to Eome extent. The wells are dug from 16 to 25 feet deep, and obtain 
their water from a bed of shale just under the clay. 

Sewerage — Warren has the combined system of sewers, with five outr 
lets to the Mahoning river, all below the water works. There are about 
12.2 miles in, giving some 70 per cent, of the population access to them. 

Vaults, hand-flush closets and cesspools, together with quite a num- 
ber of witter closets, are connected to the sewers. The sewage does not 
pollute the local water supply, but the lower outlets do cause a nuisance 
in dry weather. There is one outlet to the backwater of a dam one mile 
below the water works. This dam is 250 feet long, six feet high and backs 
the water about three-fourths of {i mile. Owing to the clay soil, vaults fill 
up with water and are but little used. The usual practice is to construct 
a plank box, which is emptied as necessary. Dry earth closets are used 
to some extent. Night-eoil and garbage are hauled to the country and » 
disposed of. 

Wellston, Jackson County, population 8,000. Wellston is a coal 
mining and manufacturing town. There are 11 mines within the cor- 
poration limits and many more just outside. There are also two blast 
furnaces, two ice plants, a foundry and a cement factory located here. 
The corporate limits include a large, hilly area, so that public improve- 
ments are difficult and costly. A few streets have been paved and a 
water works put in, but there are no sewers whatever as yet. 

Water Supply — The water works were put in by the village in 1890, 
and have coat to date $80,000. The supply is from Little Raccoon creek, 
at a point just north of town. The creek is dammed at the water works 
and the water flows by gravity to a pump well. This dam is five feet high, 
75 feet long and backs the water up two miles, as far as Hamden. This place 
is a small village of 900 inhabitants, with no water works or sewers. Its sur- 
face drainage is direct to Little Raccoo.i creek, and this will always be a 
source of danger to the water supply of Wellston. The pump well to 
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which the creek water flows is 20 feet in diameter and 27 feet deep. It is 
built of brick and covered with a conical board roof. The water is 
pumped from this to a standpipe by two horizontal, duplex Gordon 
pumps of 750,000 gallons capacity each. The standpipe is 24 feet in 
diameter and 75 feet high, with a capacity of 250,000 gallons. It is sit- 
uated on a hill, so that the main street has a pressure of eighty pounds. 

During the summer season the creek goes nearly dry and fails to 
supply enough water. To tide over these dry spells a large storage reser- 
voir is under construction. This reservoir is estimated to hold 85,000,000 
gallons, and is formed by building an earthen dam across the end of a valley. 
The wall is 50 feet high at highest point, 448 feet long on top, and backs 
the water up 1,220 feet, forming a reservoir, of something less than 
35 acres in area. The water works owns the whole watershed of the 
valley, some 50 acres, which will be fenced in and ditched, so that no 
polluted surface water can reach /the reservoir. The reservoir site has 
been completely stripped of surface soil, so that the water will not suffer 
any change during storage. Part of the site has been stripped down to 
bed rock. The inner slope of the earthen wall is three to one and is paved 
with one layer of brick laid dry, then grouted. A 16-inch main leads 
from the pumping station to the bottom of the reservoir through which the 
latter will be filled when the creek is high. This same main will be used 
to supply the pumps when the creek is low. 

There are about nine miles of mains in, which give 75 per cent, of 
the population access to the water. There are 400 services in, of which 
375 are in use and six of these metered. The average daily consumption 
*is 250,000 gallons and the average per consumer is 110 gallons. 

The annual water rates are as follows : 

Private houseB. six rooms or lew $6 00 

'' '' each additional room 100 

" bath tobs^eacb 3 00 

" water closets, eacb 3 00 

^* Btables, two horses and cow ,.,.. 5 00 

Meter rates per 1,000 gallons: 

One to 1,000 gallons per month 40 

Five thousand to 10,000 gallons per month 20 

Twenty thoasand to 30,000 gallons per month 10 

The tap water is used more than the number of services show, as 
many families carry the water from neighboring houses. The private 
water supply is from a few dug wells, 15 to 30 feet deep. These go through 
clay and slate and obtain the water in a bed of quicksand. 

Sewerage— WellBton has no sewers. The surface drainage is to Bundy's 
and Meadow runs which empty into Raccoon creek. There are but two 
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-or three water closets in use; these are connected to cesspools. Every 
bouse has an outdoor vault which usually consists of an oil barrel, but a 
few are built of brick. They must be 50 feet from a well. Night-soil and 
-garbage are buried in trenches two miles south of the corporation. 

YouNGSTowNj Mahoning county, population 60,000 Youngstown is 
the seventh city in the State and the center of the iron industry in the 
Mahoning valley. The growth of the city has been rapid, and public im- 
provements have had difficulty in keeping pace with it. A new water 
supply is now under consideration and the worst fault will probably be 
soon overcome. 

Water Supply— The water works were put in by the city in 1872 and 
have cost to date $650,000. The supply is from the Mahoning river at a 
point opposite the center of the city. The pollution of the stream at this 
point is serious. Besides the sewage and surface drainage of Girard, pop- 
ulation 3,000, Niles, population 4,644, and Warren, population 8,673; 
five, 10 and 16 miles respectively above the water works, the river is pol- 
luted by the drainage of the upper part of Youngstown and from a 
large number of iron mills which line both sides Of the river as far up ad 
Niles, and above. 

The water from the river is admitted to a screen chamber and then to 
two pump wells through five Id-inch pipes. It is then pumped through the 
mains to two standpipes located on the hills on the opposite sides of the 
river. They are each 30 feet in diameter, 100 feet high, and of 530,000 
gallons capacity. The standpipes are cleaned once a year. There are 
three pumps in use, each of 5,000,000 gallons capacity. One is a horizon- 
tal, compound, duplex Dean pump, erected in 1884, and the other two 
are horizontal, compound, duplex Tod engines put in in 1897. There are 
-58 miles of mains in,. giving some 60 per cent, of the population ^access to 
the water. There are 3,100 services in, of which 2,850 are in use, and 250 
of these metered. The daily average consumption is 2,600,000 gallons, 
-and the average per consumer is 166 gallons. 
The annual water rates are as follows : 

Priyate houses, five room^ or less $5 50 

'* " each additional room up to nine 110 

" bath tubp, each 3 80 

" water closets, each 8.30 

** stables, one horse... 3 30 

Meter rates per 1,009 gallons : 

• For the first 260,000 ^ailons per year 20 

-Over 1,000,000 gallons per year 8 
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The city water is unquestionably bad, and is used for domestic pur- 
poses to a limited extent only. The private wells are thus called upon to 
furnish a great deal of water for this use. These wells are of all kinds and 
depths, but most of them obtain their water from a porous sandstone 
which underlies the whole city. This stone readily permits the surface 
water to soak in, and the water found in it is not of the^best. 

Sewerage — Youngstown has the combined system of eewers with four 
outlets to the Mahoning river. Most of the dry flow is carried down 
below town by an intercepting sjewer. There are 28 miles of sewers giving 
only the business and residence portion of the city access. The large dis' 
tricts occupied by the foreign laboring classes have no sewers whatever. 
There are about 2,000 water closets connected to the sewers, and a few 
vaults. In summer when the river is low the sewage becomes oflensive 
and causes a nuisance. Vaults are required to be water-tight and this 
regulation is enforced in an attempt to protect the ground water. The 
vaults are constructed of brick and stone laid in cement, and most of 
them are water-tight. 

A few dry earth closets are used. Night-soil is disposed of on the 
neighboring farms. Garbage is cremated. 

Zanesville, Muskingum county, population 24,008. This is a very 
prosperous and enterprising city, having besides the seven railroad lines, 
a navigable river to the Ohio. The principal manufacturing products are 
tile, brick, glass, iron, leather, soap, furniture, canned goods, etc. The city 
is supported also by quite an extensive coal mining district. 

Water Supply — Zanesville has had a public water supply irbm the 
Muskingum river since 1840, when the old station below the city was 
built. As the city grew up the river, it began to pollute its own supply, 
necessitating the removal in 1873 of the pumping station to its present 
site above the city. The water is pumped from the river to a reservoir 
and a standpipe and another. reservoir is filled from the first by gravity^ 
thus giving three levels in the city. This is necessary on account of the 
extreme range in the level of the city due to the surrounding hills. The 
first reservoir built is now abandoned. The second one, built by the side 
of the first on Harvey Hill, is still in use, supplying the lowest service in 
in the city. This reservoir has a capacity of 2,000,000 gallon s, and is 
filled by gravity from the new reservoir on Blandy Hill, which supplies 
the middle service. The new reservoir has a capacity of 2,500,000 gallons^' 
The high service is supplied by a standpipe on the same bill and is sup- 
plied with water direct Irom the pumping station. The standpipe, built 
in 1894, is 100 feet high and 25 feet in diameter, giving a capacity of 
367,000 gallons. It was formerly supplied by a 1,000,000-gallon Knowles 
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pump in a station near the new reservoir, but this is not used now. An old 
standpipe near it has also been abandoned. The reservoirs have brick 

'sides and bottoms laid in cement and are carefully protected from surface 
drainage. Owing to the large amount of sediment carried by the Mus- 
kingum river, the reservoirs have to be cleaned out at least twice a yea . 
The pumping station *con tains three pumps: an old style single-acting 
Wprtbington, installed in 1873, but since remodeled and compounded, 
now having a capacity of 3,000,000 gallons ; a horizontal compound, duplex 
Holly pump of 5,000,000 gallons capacity, put in in 1872;, and a horizon- 
tal, compound, duplex Gordon pump of 2,000,000 gallons capacity, installed 
in 1895. The discharge pipf s from these pumps are so arranged that any 
or all of them can be used on the high or middle service, the low service 
being supplied entirely from the middle one. 

There are 64.6 miles of mains in, giving some 90 per cent, of the peo* 
pie access to them. There are 5,000 services in use, of which only 50 are 
metered. This high figure comes from a peculiar method of numbering 

' the permits, some families having two or three services in use. Nearly 
everyone has the water on their premises, and it is estimated that not 
more than 20 per cent, drink well water. The only source of pollution 
to the water supply within 10 miles, is the drainage from the small col* 
lection of miners' houses which line the river above the water works. 
The principal objection to the water is the mud, which drives the people 
to well water during flood seasons. The average daily consumption is 
4,187,000 gallons, and the average per consumer is 200 gallons. This high 
figure is due to the large use of water for manufacturing purposes. 
The annual water rates are as follows : 

Private houses, iaclnding bath tubs, water closets, basins, etc., I3.7Q to $37.50« 
accordiag to the number of persons in the house and its tax valuation. 

Private stables, one horse $1 00 

The meter rate is six cents per 1,000 gallons. 

The private water supply is mainly from dug wells 10 to 12 feet in 
depth. In the western part of the city the wells are driven and from 20 
to 30 feet in depth. 

Sewerager-The city is not well se.wered. The combined system of 
sewers is used, with outlets direct to the Muskingum river: Not more 
than 50 per cent, of the population have access to them and not a large 
number of these have connections. The sewage causes no nuisance on 
account of the abundance of water at all times, especially as the river in 
front of the city is influenced by the government dam just below. This 

16 BD. OF H. 
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dam is 8:5 feet high, 736 feet wide and backs the water up five or six 
miles. Vaults are constructed without regulation, and but few are 
water-tight. 



(c) LAKE ERIE ' 

Ashtabula, Ashtabula county, population 14,686. Ashtabula con- 
sists )>ractically of two towns, the business portion, back irpm tfa^ lake, 
and the harbor portion, with its elevators, ore hauling machinery, etc. 
Osving to the poor class of people in the harbot settlement, it has none of 
the modern improvements that are to be lound in the main portion of 
the city. Ashtabula has about three miles of paved streets, a sewer 
system and a water supply. 

WaUr Supply— The water works were put in by a private company in 
1886. This company operates under a franchise granted September 21, 
1886, and expiring 20 years from that time. The city has tht? option of 
purchasing at the end of 10 years and at the end of five year intervals 
thereafter. The franchise provides that the water shall be taken from 
wells and tubes on the shore of Lake Erie, 

The present supply is taken direct from the lake through a 24-inch 
"pipe leading to a submerged crib 2,600 feet from the sliore line. Formerly 
the supply was taken from tubed and wells on the lake shore, but these 
failed to supply water enough and they were abandoned in 1897 for the 
present supply. The crib is located in 26 ieet of water and the inlet is 
eight Ieet above the lake bottom. The crib is 3,500 feet west of the outlet 
o1 the Ashtabula river, into which is discharged all the sewage ot the 
city. It is claimed that the prevailing curr.ent is eastward, which would 
carry the sewai^e away from the intake, bat this cannot always hold and 
the water Ih liable to pollution at times. Tbe water flows by gravity to 
a pump well 30 feet in diameter and holding 15 feet of water. From 
there it is pumped to a reservoir for the low service and to a standpipe 
for the high service. The reservoir is 216 feet above the pumps, and the 
top of the standpipe is 100 feet higher. Tbe reservoir is lined with brick 
laid on puddled clay and has a capacity of 2,225,000 galloss. The stand- 
pipe is 100 feet high, 20 feet in diameter, aod has a capacity of 225,000 
gallons. Both the reservoir and standpipe are cleaned out each year. 
There are two compound, duplex, Worthington pumps in use, both 
erected in 1886. 

There are about 25 miles of mains, giving some 75 per cent, of the 
population access to the water. There are 1,300 t-ervices, bf which 1,100 
are in use and 400 of these metered. The average daily consumption is 
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1,500,000* gallons, and the average per consumer is 225 gallons. The rail- 
roads use about 385,000 gallons of water per day, which subtracted from 
above would leave an average daily consumption per consumer of 170 
gallons. The maximum consumption is 2,000,000 gallons, occurring in 
February. 

The annual water rents are as follows : 

Private houses, 5 rooms or lem 16 00 

" *' each additional room...... ^ 100 

" »* ** -*' family.. 4 00 

" bath tuba, each ^ 3 60 

^* water closets , each 4 00 

^' stables, one horse and carriage.. 3 00 

Meter rates per 1,000 gallons: 

One hundred to 1,000 gallons per day 30 

Two thousand to 5,000 " 20 

0?er 10,000 gallons per day « 10 

Wherever available the hydrant water is used for domestic purposes. 
The private wells are usually dug from 10 to 25 feet deep. The water is 
found in sand, gravel, shale, or rock, according to the location. 

Sfioerage — Ashtabula has 4.62 miles oombii^ed, 9.96 miles of sanitary 
and I.IB miles of storm sewers. . There is one outlet of the combined 
sewers, one for the storm sewer and two outlets for the sanitary sewers, 
all to the Ashtabula river. About 50 per cent, of the city's population 
have access to the se hirers. There are 206 connections to the sewers 
recorded, but the city engineer says that there are many more. There 
are 100 water closets connected with the sewers. The Eewage causes but 
little nuisance owing to the large volume of water. It is probable that 
at times the sewage pollutes the water supply as mentioned above. 
Surface privies and dry earth closets are the general rule. Night-soil and 
garbage are removed to a dump outside of the city. 

Cleveland, Cuyahoga county, population 350,000. Cleveland is the 
second city of the State. It has a large suburban population in addition 
to the above, which will in time be added to it. Besides the large amount 
of general manufacturing, the iron and shipping industries are very 
important. 

Water Supply — In 1896 Cleveland employed an expert commission 
to report on an extension of the water works tunnel and an intercepting 
sewer system. This commission recommended that the new intake 
should be four miles from shore, opposite the present pumping station, 
and the new pumping station to be on the east side of town, making the 
new intake tunnel 26,000 feet long. The new tunnel is nine feet in 
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diameter. The new location of the pumping station was decided upon 
80 as to avoid the construction of such a long force main to the Fairmount 
reservoir, which would be necessary if the old site were used. The in- 
tercepting sewer is to be laid along the lake front so as to gather up all 
sewage and carry it ten miles below the Cuyahoga river and away from 
the intake. This scheme will require the pumping of the sewage from 
the lower levels and one main station and three substations were pro- 
vided for. The plans also provide for a tunnel from the lake to the head 
of slack water in the Cuyahoga through which the lake wat^r can be 
pumped BO as to increase the flow of the river to such a volume as shall 
prevent all nuisance. The new intake tunnel is well under way. 

The water works were put in by the city in 1857, and have cost to date 
$8,396,480.41. The present supply is from an intake crib northwest of 
the government breakwater, and 6,625 feet from the shore line. The 
water is brought to the pumping station through two tunnels ; one built 
in 1874 is five feet in diameter, and the other, built in 1891:, is seven feet 
in diameter. The water flows through these tunnels to a large aqueduct 
which supplies the various pump wells. From these the water is re- 
pumped to Fairmount reservoir for the low service and repumped from 
there to the Kinsman reservoir for the high service. The reservoirs are 
located at the farther end of the supply main^ and are used to regulate 
the pumping only. 

The following table gives the make, date of installation, and capacity 
of the pumps at the two stations: 



Station. 




Make. 


Kind. 


• 5- 

c o 


Capacity in 
24 ) ours. 


Division street.. 


(1 

1 

J 1 

1 2 

1 

LI 

7 
2 
2 


Worthington.. 

u 

Knowles 

Worthington., 

Allis 


Horizontal, duplex, comp... 
« (( 

it u '" 
U ft 
U it 

Vertical triple expansion .. 
ary service 


1876 
1881 
1884 
1888 
1893 
189? 


10,000,000 
10,000,000 
10,000,000 
*15,000.000 
15,000.000 
20,000,000 




Total on Prim 

Cornish 

Total on Secon 




95,000,000 
•4,000,000 


Fairmount 


Single-walking beam 

daryservice^ 


1867 




8,000,000 









^Capacity of eaoli pump. 
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The CorniBb pumps were moved from the old pumping station to 
the present station in 1886, when the high service was started. The 
present reservoirs were both completed in 1886, the low service using 
another re- ervoir betore the completion of Fairmount. The Fairmount 
reservoir has an area of about 12 acres, and with 20 feet of water has a 
capacity of 80,000,000 gallons. • The sides are paved With stone block on 
puddled clay. No hurface drainage has access to it. The reservoir is 
cleaned every five or six years, not a great deal of mud being removed. 
The Kinsman regervoir is of the same construction and has a capacity of 
37,000,000 gallons. 

CJeveland supplies, through meters, the villages of East Cleveland, 
Glenville and Lakewood. They are considered as large private con- 
Bumerd, each owning and controlling its own water mains. It is 
estimated that these three places have a population ot 5,000 that use the 
water, or accordii^g to the water department rating, there are 714 services 
in use in these villages. 

Within the city limits of Cleveland there are 515.6 miles of mains 
giving practically the whole population access to the water, 438 3 miles 
of this are in the low service and 77.2 miles are in the high service. There 
are 58,030 services and 49,832 in use, of which 2,416 are metered and 185 
for elevators. This does not include the services for the suburban villages. 
The average daily con sumption for the whole system is 51,839,816 gallons, 
the average per consumer is 160 gallons, and the average per capita for the 
whole city is 148 gallolis. This last figure may be large as the city claims 
a larger population than the one estimated above. 

The annual water rates are as follows: 

• Private hoases, thn e rooms or less |3 00 

** *' each Mdditional loom 60 

*• batb tubs, each 2 00 

*' water dose's, each 2 00 

*' stables, one hor^e* ; 1 00 

The meter rate is five and one-third cents per 1,000 gallons with a 
minimum rate of $10 per year. 

01 necessity in a city of this size the hydrant water is used almost 
entirely lor domestic purposes. There are a few private wells in use in 
the outskirts, ^hese are usually dug and above 40 feet deep, the water be; 
ing found in gravel. 

Sewerage — Cleveland has the combined tystem of sewers with out- 
lets to Lake Erie, Cuyahoga river and to Walworth and Kingsbury runs. 
These iwo runs are gradually turning into* large trunk sewers and cannot 
be much longer classed as sireams. There are 254 miles of sewers, giving 
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about 60 per cent, of the population access to them. The city is divided 
into 21 sewer districts, three of which have no sewers as yet and several 
more have bat partial systems. The .sewage causes some nuisance at 
times, especially that part emptying into the Cuyahoga river and it is 
also liable at times, under the present conditions, to pollute the water 
supply. The Cuyahoga river receives the infuse from a large number of 
manufacturing establishments and the sewage of at least one-third of the 
city, and this, together with the very slow current, causes the river to 
become very foul, the bottom being covered with black mud which con- 
stantly gives off bubbles of very offensive gas and the water itself is black 
and greasy. 

The local health department is compelling vaults to be abandoned 
and connections made to the sewers 90 that in the center of the city nearly . 
every place is now connected. All new vaults must be built according 
to standard plans, which require them to be water-tight. Night-soil is 
dumbed into the lake opposite Wilson avenue and ten miles ou^ Gar- 
bage is disposed of by the Buckeye Refuse Destruction Company 

CoNNEAUT, Ashtabula county, population 7,606 This town is 
divided into two portions, the main business part, back from the lake, 
and the part at the harbor. The industries are^ the elevators, ore hand- 
ling at the docks, a railroad shop and some general manufacturing in the 
main part of the city. There is one-eighth of a mile of paved streets, a 
good sewer system and a water works. 

Water Supply— The water works were put in by a private company 
in 1891. The company operates under a franchise granted June 16, 1890, 
and to run for 20 years. The franchise provides that the city may pur- 
chase the plant at the end of 10, 15 and 20 years respectively, from the 
time of granting the same. It contains the following in relation to source 
of the water supply : " The supply shall be ample for all the wants of a 
place of 10 000 inhabitants, and the water shall be taken from Lake Erie 
or from filtering galleries, wells or reservoirs built on the shore of said 
lake, in either case, in such manner as shall furnish a complete and 
ample supply of good pure water as aforesaid ; and if taken directly from 
the lake, the water so taken shall be filtered or clarified in settling basins 
in such manner as shall make the same pure, clear and wholesome, and na 
reservoir other than those situated near the shores of said ls(ke, including 
one from which the water is pumped shall be used in the operation of said 
works, and the water shall be taken from a point not less than 2,000 feet 
westerly of the west pier. at Conneaut harbor." 

The present supply is from eight Cook tubular wells, driven hori- 
zontally in the sand bed of Lake Erie. These wells extend from 200 to 
350 feet under the lake and are four inches in diameter. The suction of 
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the pumps is attached diiectly to the wells from which the water is 
pumped through the town to a standpipe back of same. There is a 10- 
inch pipe extending 800 feet into the lake which is used for emergencies. 
It is understood that the valve on this pip'e is half open nearly all the 
time as the wells do not furnish enough water. The welln are connected 
up 00 that the standpipe pressure can be used to flush out the screens. 
The water is pumped by two horizontal, compound, duplex Hughes 
pumps of 1,000 000 gallons capacity each, erected in 1890 with the works. 
The standpipe is 105 feet high, 20 feet in diameter and it has a capacity 
of 247,000 gallons. « It has not been cleaned since erected. 

There are about 11 miles of mains, givinflr about 60 per cent, of 
the population access to the water. There are 700 services of which 630 
are in U8e and none of these metered. The average daily consumptioa 
is about 800,000 gallons and the average per consumer is 210 gallons. 

The annual water rates are as follows : 

Private hoasep, six rooms or lees $6 00 

** each additional room 75 

" each additional family 6 00 

bath tiibp, each.. 3 50 

water closets, each 4 00 * 

stables, one horse 3 00 

The city water is used by about one-half of the city for domestic 
purposes, the other half using private well water. The wells are dug and 
from 10 to 20 feet deep, the water being found in a stratum of quicksand 
or gravel at this depth. 

Sewerage -ConueeLUt has the separate system of sewers, or rather a 
sanitary syi^tem as nearly all the storm water is carried off in surface 
drains. There are about six miles of sanitary sewers in the main portion 
of the city and one fourth of a mile down in the harbor portion. These 
sewers have two outlets to Conneaut creek which empties into the lake 
at the harbor. The main street has a storm sewer emptying into the 
same stream. It is estimated that the sewers give some 60 per cent, of the 
population access to them There are 219 water closet connections to the 
sewers, representing about 1,500 people. The sewage causes no nuisance 
but, as in all the lake towns, there is a liability of its polluting the water 
supply. Vaults are bat little used, surface privies being the rule. Nijiht^ 
soil is buried back in the country. Garbage is carried to the city dump 
one-hall mile above the town near Conneaut creek. 

Lorain, Lorain county, population 15,000. The growth of this city 
has been very rapid, so fast that the public improvements have in no way 
been able to keep pace with it. Its industries consist of a large steel plant. 
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ship yard, railroad shop, ore and coal handling, and a great deal of gen- 
eral shipping and manafacturing. Lorain has a number of paved streets, 
a few sewers and a water supply. The population includes a large for- 
eign element froin the steel works and docks, making sanitary improve- 
ments difficalt. 

Water Supply— The water works were put in by the city in 1884, and 
have cost to date $230,000. The supply is trom a submerged crib in Lake 
Erie, 1,200 feet from the shore and a little west of the outlet of Black 
river. The sewage of both Elyria and Lorain empties into this river and 
this in turn frequently flows over the intake. The water became so bad 
that a Jewell mechanical filter plant was introduced in 1897, and has been 
in operation ever since, with great improvement in the quality of the 
water. Elyria, population , 8,252, is situated at the junction of the two 
forks of tbe Black river, seven miles irom its mouth. The sewage of 
about 2,500 people is emptied directly into the river at this point. The 
population of Lorain having the use ot the sewers is estimated at 4,000. 

The water flows from the crib to a pump well, from which it is forced 
to the filters, paeses down through them by gravity to a clear water basin, 
from which it is pumped direct to the maiDs. There are three pumps in 
Use*now, with a fourth one just being installed. They are as follows : A 
horizontal, duplex Walker pump of 1,000,000 gallons capacity, put in in 
1884; a horizontal, compound, duplex Gordon pump of 2,000,000 gallons 
cap^ci'y, put in in 1892, a horizontal, compound, duplex Holly pump of 
5,000,000gallon8c«ipacity putinin 1896, anda new horizontal, compound, 
duplex H lly of 5,000,000 gallons capacity, just being installed. The new 
Holly pump and the Gordon pump are connected up, so that they can 
supply the filters or pump direct to the mains. The old Holly can 
pump to the mains only and the Walker can pump to the filters only. 

The filter plant consists of a set of six standard Jewell gravity filters, 
with A total capacity of 3,000,000 gallons. The filter tubs are tach 17 
feet in diameter, with an eflcctive filter area of 226 square feet and a total 
of 1,356 square feet. The filler bed is four fret deep and is composed of 
a smooth, round-grained, white sand, from Red Wing, Minnesota. Before 
the water passes to the filters a certain amount of coagulant, sulphate of 
alumina, is added to it; the water then enters a small settling basin in the 
lower part ol each filter tub, then passes upward through a standpipe in 
the center of the fi ter, spreads out over the surface of the sand, passes 
down through the latter and is collected in a network of pipes, to which 
are attached small strainers. The water then passes to a large, clear 
water well, tormed by the foundation walls of the filter house. The suc- 
tion of the pumps which supply the city is connected direct to this basin. 
The rate of filtration is controlled by a float operating the outlet valve. 
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When the filter becomeB clogged the Band is washed. The piping is so 
arranged that the flow can be reversed and filtered water forced up through 
the sand^ which at the same time is agitated by a mechanical stirrer. 
The filters must be washed from two to three times a day, using about 
8,000 gallons of filtered water for each washing. The plant was approved 
by the State Board of Health, with the condition that at least 2.5 
grains of alum should be used with each gallon of water, antl that the 
ratH of filtration should not exceed 100,000,000 gallons per acre per day. 
This would give the plant d capacity of 3,110,000 gallons, a little more 
than the rated capacity. The above were the figures which gave the best 
results in the test of the plant by the Board, for the details of which see 
the annual report of the State Board of Health for 1897. Since the ap- 
proval of the plant the condition as regards the amount of coagulant 
used has hardly been observed at all. For 30 days, in September, 1897, 
no alum at all was used. From December 16, 1897, to June 6, 1898, lime 
was used in connection with the alum ; the quantities averaged about 
0.90 grains of alum and 0.80 grains of lime per gallon. During the sum- 
mer of 1898 the alum varied irom 0.7 to 1.5 grains per gallon, and in the 
winter of 1898 the quantity was increased to 1.5 to 2.0 grains. 

There are 25 miles of mains, giving about 95 per cent, of the popu- 
lation access to the water. There are 2,979 services, of which 2,713 are 
in use and 40 of thoae are metered. The average daily consumption is 
2,583,000 gallons and the average per consumer is 185 gallons. 

The annual water rates are as follows : 

Private hoU6e^ per family $8 00 

" bath tnb?, each 3 00 

** water closets, each 3 50 

The city water is used alcnost entirely for domestic purposes, as there 
are but one or two private wells in Lorain. Filtered cistern water is 
drunk to a limited extent. 

Sewerage-'LoTBiin has 8 4 miles of combined sewers and 4.1 miles 
of separate eewers. The separate system is located in the new addition 
around the steel plant. The separate and combined sewers have each one 
outlet to Black river, but the latter also have three storm water overflows 
to the same stream. The sewage causes no nuisance but as explained 
above, it mUy at times pollute the water supply. There are about 700 
.oonntctions 10 the sewers, most of which are for closets. Vaults are 
usually constructed of brick and are fairly water-tight. Many use plank 
boxes, making a half way dry earth closet. Night-soil and garbage are 
hauled to the country and disposed of. 
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Port Clinton, Ottawa county, population 2,624. Port Clinton, the 
county seat of Ottawa county, iB a pleasant little village situated at the 
mouth of the Portage river. It is supported entirely by its fisheries and 
its neighboring farmers. It has a Water supply, some sewers, and about 
1.9 miles of paved streets. 

Water Supply — The water works were put in by the village in 1896,. 
and have c6Bi to date $41,025.76. The supply is from Lake Erie through a 
16-inch pipe leading to a crib 1,600 feet from the lake shore and about 
1,000 feet west of the mouth of the river. The crib consists of two tim- 
ber shells, the outer 80 feet square and the inner 12 feet square, with the 
intervening space filled with gravel, through which the water must per- 
colate before reaching the intake pipe, the end of Which is placed five 
feet above the bottom of the lake. The water is pumped direct to the 
mains by two horizontal, compound, duplex Laidlow-Dunn-Gordon 
pumps of 1,000,000 gallon? capacity each. There are seven and one-half 
miles of mains, giving practically the whole population access to the- 
water. There'are 225 services, of which 220 are in use, with none metered. 

The average daily consumption was estimated at 500,000 gallons, but 
this is much too large, as 200,000 would be a high figure for a town of thifr 
size and class. 

The annual water rates are as follows : 

Private houee, oDe familj $4 00 

" bath tubs, each.. 2 OO 

** water closets, each ^ 2 OO 

" BltbUe, one horse and carriage 2 00* 

The hydrant water is used almost entirely for domestic purposes, as 
there are but few private wells in town. The few in use are only 14 feet 
deep, obtaitiiDg their water just above a layer of hard-pan. A few iamilies 
drink cistern water. 

Sewerage— Fori Clinton has three miles of combined sewers, with four 
outlets direct to the Portage river. There are quite a number of connec- 
tions to the sewers, but only 57 are for water closets. The sewage causes 
no nuisance, but, as in most of the lake towns, the purity of the water 
supply depends upon the constancy of the easterly currents. Vaults are 
constructed of plank, none of them being water-tight. Night-soil and 
garbage are removed to the dump ground, located one and one-halt miles 
southwest of town, near the Sandusky bay. 

The report upon Sandusky will be found with the special report upon 
the Sandusky watershed. 
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(d) WELL8 AND GALLERIES SUPPLIED BY SURFACE WATER. 

Gallipolis, Galliia county, population 4,588. Gallipolip, the county 
seat o( Gallia county, is a typical river town of the older class, and has 
but little manufacturing. One of the large State hospitals is located there. 
The town has some paved streets, an electric car line and a water supply,, 
but no sewers. 

Water Supply— Thf^ water works were put in by the village in 189*?^ 
and have coso to date $90,000. The supply is from filter wells in the 
bed of the Ohio river. There are four wells, each 4 feet in diameter and 
6 feet deep and open only at the bottom, which is 13 feet below the low 
water mark of the river. The wells are placed in a sandbar at the head 
of Gallipolis island, and the depth of their bottom below the bed of the 
river varies with the shifting of the sand. The wells are made of cast 
iron and each is joined by a 12-inch pipe to a common nuction pipe^ 
which is 16 inches in diameter and 1,600 feet long. The pumps are con- 
nected direct to this pipe. The wells are above all local pollution of the 
river and 15 miles below Pomeroy and Middleport. These two towns 
have few sewers and the river receives nothing but the surface drainage. 
T^e water is pumped from the wells to a reservoir by two vertical, com- 
pound, duplex, condensing Gordon pi^mps of 720,000 gallons capacity each. 
The reservoir is 280 feet long, 86 feet wide, 16 feet deep, and has a capacity 
of 2,300,000 gallons, and is 324 feet above the bottom of the pump pit. The 
reservoir is quarried out of the rock, the sides are bricked up and the 
bottom concreted. A by-pass at the station allows the water from the 
reservoir to flow back through the suction pipe and wells so as to clean 
out the sand and gravel near the wells when it becomes clogged with 
silt. The wells furnish a satisfactory water and so far a sufficient quan- 
tity. There are 9.7 miles of mains, which give some 95. per cent, of the 
population access to theVater. There are 489 services, of which 460 are 
in use, and 100 of these are metered. The average daily consumption is 
350,000 gallons, of which 110,000 are used by the epileptic hoi»pital. 
This leaves 240,000 gallons for the city, or an average per consumer of 90 
gallons. The hospital has 900 inmates, and the average consumption 
for each person is 122 gallons. The hospital is trying to secure a separate 
supply. 

The annual water rates are as follows : 

Private bou8>8, six ro »m8 or loss ^ $4 00 

** " each additional room 50 

" bath tubs, each 3 00 

" water closets, eacb 2 00 

*' stables, one horse and carriage.. 2 00 
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Meter rates per 1,000 gallons: 

One hundred to 500 kaI^ods per momh '. 85 

One thousand five hundred to 3,000 gallons per month 25 

Above 20,000 fcallons per month - : • 10 

Where the tap water is available it is used for domestic purposes. 
It is estimated, however, that fully thret-fifths of the population depend, 
for this use, upon cistern water. There are but few private wells, and 
these but little used. 

Sewerage— GdllipoliB has no Hewers. The storm wattr is carried to 
the Ohio river through surface drains and a few tiles. Every house has 
a vault or cesspool, constructed without rule. None of them are ever 
cleaned out. When they become lull new ones are dug beside them 
Garbage is dumped over the river bank. 

The hospital has a complete system of sewers, the outlet of which is 
Mill creek, which empties into the Ohio river just above town. The out* 
let of the sewer is about 300 yards from the mouth of the creek. This 
creek is perfectly dry for the greater part of the time so that the sewage 
lies in pools and decays, giving off very ofiensive odors. Every rain 
watches this sewage down into the river, just above the water works station 
but below the wells, which are 1,600 feet above the pumping house. The 
village objected to having the hospital sewer carried into the river, as 
there is a great deal of water hauled from the wharf. The present arrange- 
ment holds a greater part of the sewage back until a heavy rain comes, 
when it is all washed into the river. 

Greenfield, Highlaod county, population, 2,831. This is a quiet 
little village with no manufacturing whatever. It is supported by the 
country around it and the few limestone quarries near at hand. Greenfield 
has a water siipply, and electric lights, but no paved streets or sewers. 

Water Supply --The water works were put in by the village in 1891 
and have cost to date, about $40,000. The sup{)ly was originally from 
Paint creek direct, but in 1893 the creek dried up and a well was dug in 
the bed of the creek so as to get the ground flow. The well is constructed 
of brick and is 24 feet in diameter and 15 feet deep. The water stands at 
the creek level when not being pumped, and is lowered about three feet 
duriog pumping. Direct connection can be made to the creek in case of 
fire. There is a dam just above the water works which impounds the wa- 
ter for p3wer purposes. It is 250 feet long, seven leet high and backs the 
water up about one-half mile. The extrenae width of the creek here is 
due to a large island. Eight miles above the water works there is another 
dam2225 feet wide and six feet high, backing the water up about three- 
fourths of a mile. The local pollution of the creek consists of the large 
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cemetery just above the water works, the dirty surface drainage of the 
upper part of town, and the drainage from the small village of Goodhope, 
some seven miles up the creek. The water is pumped from the wells to a 
standpipe by two, horizontal, duplex, Gordon pumps, of 750,000 gallons 
capacity each. The standpipe is 75 feet high and 14 feet in diameter, 
with a capacity of 85,000 gallons. It is located on a hill 50 feet above the city 
halU Therfe are nine and one-quarter miles of mains, giving some 85 per 
cent, of the population access to the water. Tnere are 2 LO services in 
use, five of which are metered. The average daily consumption is 
300,000 gallons, and the average per consumer is 200 gallons. There is no 
regular list of rales, the price bating estimated for each house. 

The private well supply is principally from dug wells, which get 
their water just above the limestone, some 10 to 25 feet down. 

Sewerage^^Thtre are a few storm sewers leading from the center of 
the village to the creek. They have about twenty closet and vault con- 
nections. One of these sewers emptits just below the water works and 
is liable to pollute the supply during low water. A dam one foot high 
and 150 feet long, some distance below the water works, backs the water 
nearly to the well and holds the sewage, causing some nuisance. A num- 
ber of outhouses built over the creek makes the latter somewhat objec- 
tionable. Vaults are not regulated in any manner. 

Painesville, population 5,762; Fairport, population 1,C00; Rich- 
mond, population 300 ; Lake county. These towns are practically one as 
far as location is concerned. Painesville corresponds to the business por- 
tion of the other lake towns, and Fairport and Richmond correspond to 
the harbor portion. Painesville has a little general manufacturing, but 
is supported principally by the industries at the harbor. It has an 
electric car line to Cleveland, which gives it a rather suburban life. Fair- 
port and Richmond have a large floating population depending upon the 
work at the docks and elevators, which are the life of both places. These 
three towns have the benefit of a water supply, which for Fairport and 
Richmond constitute the only public improvements, while Painesville 
has a few paved streets and a fair sewer system. 

Water Supply — The water supply was put in by a private company 
in 1882, and has cost to date about $260,000. In 1897 the city of Paines- 
ville purchased the plant for $160,000, owing to the great depreciation of 
the same. The first supply was from wells and springs, but these were 
abandoned in 1891, when the present system of galleries was perfected. 
The sole supply now is from galleries in the sandy shore of Lake Erie. 
They are located some distance west of the outlet of Grand river. These 
galleries consist of plank boxes 14 inches high, 20 inches wide, and 8 
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feet Io^g, placed end to end in long rows. The sides of the boxes are left 
open except for a wire screen to keep out the sand and graveU Around 
these boxes is placed a luyer of gravel, coal and charcoal, about two feet 
thick. Over this the lake sand is allowed to drift and wash. These gal- 
leries have to be placed just under the edge of the water so that the wave 
action will keep the sand washed clean. At the site of the galleries the 
beach is building, and two galleries have had to -be abandbned and new 
ones built as the baach extended. In all, 1,700 feet of galleries have been 
built, only 1,100 feet of which can now be usetl. The water enters the 
galleries, flows from there to a raceway or reservoir, and is then pumped 
through the mains to a standpipe. l^he raceway is nine feet wide and. 
400 feet long, the water standing about six feet deep in it, the level of 
the lake. It is built of plank and covered with the same to keep the 
sand out. 

The pumps, two horizontal, compound, duplex, Knowles of 1,500,000 
gallons capacity were installed in 1891, when the pumping station was 
moved down to the lake shore. The standpipe is 25 feet in diameter and 
75 feet high, giving a capacity of 275,000 gallons. The top or the stand- 
pipe is 235 feet above the lake level and gives a domestic pressure in 
Paineeville of about 40 pounds. 

In the three towns there are sixteen miles of mains, giving about 90 
per cent, of the total population access to the water. In all, there are 
1,000 services in use, divided as follows: ,Painesville 820, Fairport 160 
and Richmond 30. Four services in Painesville are metered. 

The average daily consumption is 1,250,000 gallons, of which some 
130,000 gallons are used daily by the three railroads. This gives an 
average daily consumption of 187 gallons per consumer. 

The annual water rates are as follows: 

PrivMte hoa88B, five rooms or less $5 00 

** ** each additional room 100 

*' " each additioDal family 6 00 

" bath tubs, each ;. 4 00 

"^ water closets, each 4 00 

** stables, one horse 5 00 

The city water is in general use where it is available. Private wells 
«re mostly dug and from 15 to 20 feet deep. The water is found in sand 
«nd gravel. 

Sewerage — Painesville has about ten miles of sanitary sewers with 
three outlets to Grand river. One of the sewers carries some storm 
water, but most of it is carried off in surface drains. It is estimated that 
about 75 per cent, of the population has access to the sewers, and that 
one-half of these have connections. This agrees very well with the direct 
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estimate of four hundred as the number of sewer connections; three 
hundred being for water closets. The sewage causes some nuisance 
•during extremely low water, but it does not pollute the water supply in 
any way. There are but few vaults in use, surface privies being the most 
<$ommon. Night-soil is buried in the country and garbage is dumped in 
a field just north of the city. 

Richmond and Fairport each have a fow private sewers, but no 
general system. 

RiPLBY, Brown county, population 2,824. Ripley is a quiet little 
village of the older river type. It has no manufacturing, and is supported 
by the small shipping industry and by the neighboring farmers. It has 
A water supply which constitutes the only public improvement. 

Water Supply— The water works were put in by the village in 1896, 
and have cost to date about $24,000. The supply is from two wells on 
the bank of the Ohio river. These wells are eight inches in diameter and 
102 feet deep, 40 feet of which is in sand and gravel and 62 feet in lime- 
stone. The wells are pumped to two settling basins by a Hall Pump 
Company air lift. The level of the water in the wells is the same as that 
in the river, and is lowered but little by the pumps. The air lift was 
made necessary by the wide fluctuation in. the level of the water due to 
the varying stage of the river. The settling reservoirs are each 93 feet in 
diameter, and eight feet deep, giving each a capacity of 500,000 gallons. 
The sides and bottom are built of brick laid in cement. They are cleaned 
out two or three tii!nes each year, a large amount of moss and other 
growths being removed each time. The water tastes and smells if left in 
the basins long. Most of the water comes from the gravel bed which is 
supplied by the ground water on its way to the river, and by the subsurface 
flow of the latter. The water is pumped from the basins to a distribu- 
ting reservoir, on a hill back of town, by a horizontal, compound, duplex 
Hall pump of 500,000 gallons capacity. This reservoir is built in the 
same manner as the settling basins, and has a capacity of 1,000,000 gal- 
lons. It gives a pressure of 140 pounds on' the streets. There are four 
miles of mains, giving about 60 per cent, of the population access to the 
water. TherearelSO servicesin use, of which 36are metered. Theaverage 
daily consumption is 180,000 gallons, and the average per consumer is 
.-225 gallons. 

The annual water rates are as follows : 

Private hoase, six rooms or less..... $5 00 

" " each additional room 60 

'* water closets, each.. 2 5(f 

<• bath tubs, each., 2 50 

" stables, one horse and carriage.. 8 00 
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By meter, from 5,000 to 25,000 gallons per month, 20 cents for first 
5,000 gallons and 6 cents for each 1,000 thereafter. 

'The private water supply is irom a few dug and drove wells, the 
former about 40 feet deep and the latter from 80 to 90 feet deep. Cistern 
water is used almost entirely for domestic supply. 

Sewerage — There are a few private sewers to the river and a number 
of storm water drains. It is estimated that forty houses have access to 
the private sewers. Vaults are not regulated in any manner, beyond 
requiring them to be cleaned. Night-soil is buried in the country. 

WiLLOUGHBY, Lake county, population 1,455. This is a quiet country 
village with but little manufacturing. It has an electric car line to Cleve- 
land, which gives it some value as a residence place. Willoughby has a 
public water supply, but no sewers or paved streets. 

WcUer Suppy — WateV works were put in by the village in 1892, and 
have cost to date about 832,000. The supply is from an infiltration 
well in a graVel bed some fifty feet from the bank of the Chagrin river. 
The water is pumped to a reservoir 180 feet above the river level by two 
horizontal, compound, duplex Hughes pumps of 500,000 gallons capacity » 
The reservoir is built of brick laid in cement and is covered with a conical 
board roof. It has a capacity of 800,000 gallons. There are five miles of 
mains, giving some 90 per cent, of the population access to the water. 
There are 260 services, with 200 in use and none metered. The average 
daily consumption is about 100,000 gallons, and the average per consumer 
is 83 gallons. 

The rate for private families is S5 per year. 

The water is in general use where available. It is estimated, how- 
ever, that about 50 per cent, of the population use well water for drinking 
purposes. The wells are dug and about 20 feet deep, obtaining their 
water in an extensive bed of gravel. 

Sewerage — Willoughby has no sewerage except a few short storm 
water drains. It is claimed that there are no vaults in use, every one using, 
the dry earth closet, or a modification of it. Night-soil is usually hauled 
to farms. Some is buried at any available place. 



2. SUBSURFACE WATER. 



GALLERIES AND WELLS SUPPLIED BY SUBSURFACE WATER. 

' The report upon the water supply of Attica will be iound with the 
special report on the Sandusky watershed, and the report upon the Wads- 
worth water supply is given in a special report with this volume. 

Ashland, Ashland county, population 4,160. Ashland, the county 
seat ot its county, is situated near the headquarters of Jerome fork, a 
secondary branch of the Muskingum river system. It is a country town 
with som« general manufacturing. It has a few paved streets, a water 
supply, but practically no sewers. , n 

Water Supply— The water works were put in by the village in 189f « 
and have cost to date some $50,000. The supply is from two wells 
situated between the branches of Jerome creek and one-hall mile 
east of the corporation. One of the wells is 30 feet in diameter add 
16 feet deep; the other 36 feet in diameter and 18 feet deep. The former 
was dug in 1895 and the latter in 1896. They are built of brick and cot* 
ered with a conical root and fully protected from surface drainage. The 
water is found in a bed or gravel, in which during wet weather it riaaa 
to the surface and in ^ry seasons falls to within a few feet ot the bottom 
of the wells. The water is pumped from the wells to a standpipe by two 
horizontal, compound, duplex Smith-Vaile pumps of 1,000,000 gallons 
capacity each. The ^standpipe is 20 leet in diameter and 75 feet high, 
giving a capacity of 176,000 gallons. The pressure on the main street is 
75 pounds and at the station 122 pounds. There are 13 miles of mains 
in, giving 65 per cent, of th« population access to the water. There are 
355 services in and 351 in use, of which 10 are metered. The average 
daily consumption is 125,000 gallons and the average per consumer is 60 
gallons. 

The annual w&ter rales are as follows : 

Pjrivate houses, six rooms or less $3 60 

* " '* each additioDal room 50 

*' bftth rooms, each 3 OO 

*^ water closets, each 3 00 

'* stables, oDe horse and carnage 3 00 

/' 

16 BD. OF H. 
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Met-r rates per 1,000 gallons : 

Ooe hundnd to 500 gallons prr day $0 20 

Onrt thoUHtod to 2,000 gallons p«r da/ 14 

Five thousaod to, 10,000 galloD6 per day 8 

The water is high in minerarmatter, forming a soft deposit in boil- 
ers and beaters, which also contains a large amount of carbonaceous 
matter. The water U not objectionable except in summer, when it be- 
comes waVm, then private well water is used to a large extent for domes- 
tic purposes. The wells vary in depth from 13 to 60 feet, the shallow 
ones obtaining their water in a bed of gravel, which is exposed to surface 
contamination, while the deeper ones obtain the water from a bed of 
limestone 24 feet down, which is overlaid with a bed of shale. 

Sewerage - Ashland has but three short sewers. These carry off the 
fitorm water and kitchen refuse, and it is claimed some sewage. They 
empty within the corporation into a small branch of Jerome creek. The 
oil and soap from one of the machine shops drained by the sewers causes 
a nuisance in the summer. 

Vaults are not regulated in any way, and many are not cleaned aa 
often as necessary. 

CiRCLEViLLB, Plckaway county, population 7,524. This town, the 
county seat of Pickaway county, is in the center of a famous farming 
district, the '* Pickaway Plains." It is supported largely by the surround- 
ing country, but it also has some general manufacturing, including a 
large strawboard works. Circleville has a water supply and a few paved 
streets, but no adequate sewer system. 

WcUer Supply — The water works were put in by a private company 
in 1887, and have cost to date $150,000, A franchise was granted a com- 
pany in 1886, but this one failed after building the plant, but before it 
was put in operation. The present company then gained control and put 
the works in operation, after making several additions and changes. The 
franchise is to run for 20 years from August 9, 1886, and contains this 
olaui-e in reference to the kind of water to be nupplied : '* The water 
jshall be taken from wells or filtering galleries sunk as near Hargus creek 
6r Darby creek as an investigation may hereafter deteAnine, together with 
such reservoir or storage basins of not less than 10,000,000 gallons capacity ; 
but before such wells or filtering galleries shall be located, test well^ must 
be sunk at various points and the water therefrom or irom the stream 
from which it is taken submitted to an analysis by some com- 
petent person selected by the city council and Samuel R. Bullock & 
Company, at the expense of said council and company co jointly, after 
said wells or well have been definitely located. They are to be so ar- 
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ranged as to exclude all surface water and any overflow from either of 
said creeks, and td be of sufficient capacity to allow when necessary the 
water to settle before being pumped into the reservoir or standpipe as the 
case may be ; said wells are to be provided with such filtering galleries 
and wells as may be necessary to insure the entire supply to be clear water, 
suitable for culinary and drinking purposes and not detrimental to health, 
the quality and character of said water to be kept and maintained as 
shown by the analysis. Should at any time the quality of the water de- 
teriorate and become impure, other wells are to be sunk and water ob- 
tained from guch other sources as an analysis show to be pure and whole 
some." It also states that no water shall be taken directly or indirectly 
from the Scioto river. The plant may be purchased by the city at any 
tinae after the expiration oi ten years. 

The present source of supply is a gallery near Big Darby creek, north- 
west of town. The gallery is a brick conduit running p.irallil to the 
creek and about 100 feet distant. It is 200 feet long, five feet wide and 
five leet high, with an arched top and terminates in a covered brick well 
26 feet in diameter and 30 feet deep. The gallery enters the well a few 
feet above, the bottom. 

A small dam, 18 inches high and 100 feet long, in Big Darby creek 
backs the water up about one-fourth ot a mile, giving a pond area of some 
lour acres. This dam was put in by the first company and a 6-inch pipe 
led from the creek above it to the receiving well. This pipe was to be 
used in cases of emergency, but it has since been washed out. Farther 
up a dam diverts part of the creek to a race, which empties into the canal 
below town. This dam is five feet high, 100 feet wide and backs the 
water up about one mile. 

The water is pumped irom the receiving well to a standpipe by two 
horizontal, compound, duplex Holly pumps of 1,500,000 gallons capacity 
«acb. The standpipe is 150 feet high and 22 feet in diameter, witii a 
capacity of 425,000 gallons. There are 15 miles of mains, giving some 
90 per cent, of the population access to the water. There are 859 services, 
ol which 750 are in use and 75 of these are metered. The average daily 
consumption is 600,000 gallons and the average for each consumer is 
130 gallons. 

The annual water rates are as follows : 

Private hoasefi, six rooms or less $6 00 

" '* eacb additional room 75 

'* baih tubs, each 

** water closets 2 00 

*^ stables, one horse and carriage.. .\... 2 60 
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Meter rates per 1,000 gallons : 

One handred to 6O0 gallons per dsy^.. $0 30 

One thousand to 2,000 gallons per day ^ 23 

Over 4,000 gallons per day 15 

The private water supply is from dug wells, about 25 feet deep, which 
obtain their water from an extensive bed of gravel under the town. The 
tap water is used *where available, bat one-third of the population are 
dependent upon wells. 

Sewerage — The sewers of Circleville, so far as they go, are on the sep- 
arate plan. There is about three-fourths of a mile of sanitary sewer,, 
with one outlet to the Scioto river and the same length of storm sewers, 
with one outlet to Hargus creek. The sanitary sewer has a few closet 
connections, but the amount of sewage is small as compared with the 
flow of the river, and no nuisance results. The storm water is carried in 
part to Hargus creek by the storm sewer and gutters, and the remainder 
to the Scioto river and the canal through surface drains. As the sanitary 
sewer has but few connections as yet, nearly every one must use outdoor 
vaults. These are usually constructed of brick, but not made waters 
tight. Night-soil is hauled to the country. 

The pollution of the Scioto river below Circleville is marked. In 
addition to the small amount of sewage the local gas plant and a large 
strawboard works send their refuse direct to the river. The strawboard 
works is an immense plant, employing a large number of men and turn- 
ing otit car loads of strawboard daily. The refuse from this plant 
reaches the river through two sewers, each two feet in diameter. One of 
these sewers empties into some low bottom land near the river, which 
originally served as a settling basin and precipitated most of the heavy 
matter from the waste water before the latter passed to the river. Now 
this basin is almost completely filled with sediment, and the effluent 
from the works has kept a channel open the whole length of the bed along 
which it now flows to the river with but little sedimentation. This 
basin contains about 15 acres, the whole ot which, except forthe narrow 
channel near one side, is filled from one to 10 feet with a decaying mass 
of organic matter. This mass gives off bubbles of gas continually and 
is very ofiensive. Large quantities of this accumulated filth are washed 
into the river during bard rains, as may be seen from the high mark of ' 
the drift. The other sewer empties into a ditch, which runs alongside 
the river and empties into it about one- fourth of a mile below the works. 
The How of these two sewers amounted at time of insi>ection to over five 
cubic feet per second or about 4,000,000 gallons per day, and the amount 
was sufficient to color the river a bright yellow. It is fortunate that the 
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river below this point is not called upon to furnish a water suppler, as 
this large amount of organic matter effectively destroys for many miles 
its usefulness for any such purpose. 

Greenville, Darke county, population 8,176. This city i^ the 
county seat of Darke county. Its industries consist of a couple of small 
tile yards, a saw mill and a machine shop. Greenville has electric lights, 
a water supply and a few sewers, but no paved streets as yet. 

Waiter Supply^ -The water works were put in by the city in 1893, and 
have cost to date about $89,000. The supply is from nine wells, six 
inches in diameter and from 50 to 57 feet in depth. The wells go through 
gravel and clay into a bed of gravel. The water riFes nearly to the sur- 
face when the wells are not being pumped, and during a test it was low- 
ered 18 feet, at which depth pumping at the rate of 900,000 gallons per 
day failed to lower the water farther. The water works is west of town 
on Greenville creek, to which direct connection can be made in case of 
fire, but this connection has not been used since August, 1895. Ther^ is 
a mill dam on Greenville creek, 1^ miles above the water works, which con- 
trols the amount of water in the creek during dry weather. It is six 
feet. high, 40 feet long and backs the water up about 1^ miles. 

The water is pumped direct from the wells to a standpipe by two 
horizontal, compound, duplex, condensing Hughes pumps of 1,500,000 
gallons capacity. The standpipe consists of a tank 60 feet high and 20 
feet in diameter, placed on a brick tower 70 feet high. It has a capacity 
of 141,000 gallons. . There are 13 miles of mains, giving 90 per cent, of 
the population access to the water. There 'are 497 services and 447 in 
use, of which 169 are metered. The average daily consumption is 200,000 
gallons and the average per consumer is 75 gallons. 

The annual water rales are as follows : 

Private housf8,seyen persons or less $4 00 

** *' each add itioDa I person......... s 25 

*' bath tubs, each 3 00 

'^ water closets, each .' 2 00 

" stables, one horse and carriage 150 

The meter rate is 10 cents per 1,000 gallons, with minimum charges 
for the different sized meters. 

Private wells are usually dug and from 14 to 35 feet deep. 

Sewerage — There are about four miles ol storm sewers in Greenville, 

with three outlets dirict to Greenville creek, one to a ditch emptying into 

Mud creek and one to a ditch emptying into Bridge creek. One sanitary 

'sewer empties into Greenville creek. Tnese sewers have about a dozen 

<iloset connectione, but the small amount of sewsgr) causes no nuisance. 
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Vaulte are required to be water-tight, but very few of them are. Night- 
soil is hauled to the country. A slaughter house on Greenville creek 
sends all its waste to that stream. The creek has a murky, greasy appear- 
ance, ahowing that the stream is getting about all the sewage that it can 
dispose of without causing a nuisance. 

HiLLSBORO, Highland county, population 4,000. Hillsboro, the 
county seat of Highland county, is a country village with but little man- 
ufacturing. It has a water works and a few paved streets, but no sewer 
system. 

Water Supply ^The water works were put in by the village in 1893, 
and have cost to date about $90,000. The supply is from 10 wells, six 
inches in diameter, and from 45 to 60 feet deep. They are sunk into the 
gravel bed of Clear creek, north of the village. The water rises in the 
wells to within five feet of the surface and can be pumped down to the 
suction limit. The water is pumped to a standpipe by two horizontal^ 
compound, duplex Laidlow-Dunn-Gordon pumps of 1,000,000 gallona 
capacity each. The standpipe is 135 feet high and 15 feet in diameter, with 
a capacity of 175,000 gallons. There are 10^ miles of mains, which give 
about 75 per cent, of the population access to the water. There are 474 
services in use, 43 of which are metered. The average daily consump- 
tion is 125,000 gallons and the average per consumer is 60 gallons. 

The annual water rates are as follows : 

Private h 90869, fire rooms or less $4 00 

'* ^* each additional room 60 

bath tubs, each» 2 50 

" water closets, each • 2 50 

*' stables, one horse and carriage 2 50 

Meter rates per 1,000 gallons : 

One hundred to 500 gallons per day SO 

Ooe thousand to 2,000 gallons per day 23 

Above 4,000 gallons per day 15 

The private waier supply is from dug wells about 80 feet deep, obtain- 
ing their water in the loose limestone, which is found just below the 
surface. 

S^werag^, — The surface drainage is to small ditches leading to both 
Clear and Rock Fork creeks. There is one sewer that leads to a braoch 
of Clear creek. Several business blocks, the court house, jail, hotel and 
a laundry are connected to this sewer, which empties first into a large cesa- 
po3l 20 feet square and 12 feet deep, from which the water is siphoned ta 
the creek. This sewer has caused considerable complaint, but at the time 
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of inspection was causing no nuisance. Vaults must be 50 feet from 
"wells or be water-tight, but these regulations are not enforced. 

Kenton, Hardin county, population 7,598. Kenton, the county seat 
of Hardin county, is situated near the bead waters of the Scioto river and 
right on the State divide, p%rt of the surface drainage of the city going 
north to the Blanchard river. The industries consist of a number of 
small plants engaged in the manufacture of hardware and implements, a 
car shop and the usual elevators, flour mills and lumber yards. It has a 
number of well paved streets, some sewers and a water supply. 

Water Supplj^The water works were put in by a private com^ 
pany in 1883, and were purchased by the city in 1887. The plant has 
cost to date $120,000. The present supply is from a large basin ezca^ 
vated from 30 to 90 feet into the limestone rock, which comes nearly to 
the surface at this point. This well is in the southern part of the city 
and 300 feet south of the 8ciot3 river. It seems to be supplied with 
ground water on its way to the river, or at least by water from the vicinity, 
as the level of the water in the well is influenced by the local rainfall. 
The basin is 2.40 feet long and 40 feet wide; one end 40 feet square is 90 
feet deep and the remaining portion- is only 30 feet deep. The well has 
no walls except the natural stone ; it is surrounded by a high fence and 
a slight embankment, so that it suffers but little from surface pollution. 
In the bottom of the basin six wells have been drilled ; these are 150 feet 
deep from the surface and six inches in diameter. As these wells furnish 
but little water now, it was thought best to place Kenton in the class 
supplied from subsurface sources. 

The water is pumped from the wells direct to the maias by the fol- 
owiog pumps: Two horizontal Holly pumps of 500,000 gallons capacity 
each, so arranged that they can be connected aUd run as a 1,000,000 du< 
plex pump; and a quadruplex Holly pump of 1,500,000 gallons capacity 
Both of the above were put in in 1883, and a small duplex McGowan 
pump of 250.000 gallons capacity, installed in 1894, The pumps ^re all 
placed 30 feet below the surface and the suction 26 feet farther down. In 
summer the water is lowered to within a few feet of the suction and in 
winter it ripes as Ligh as 22 feet above it. 

There are about 12 miks of mains in, giving some 50 per cent, of the 
population access to the water. There are something over 600 services 
in use, there b«-ing some in use, but not recorded ; 13 services are metered. 
The average daily consumption is about 650,000 gallons and the average 
per consumer is 162 gallons. 

The annual water rates are as follows : 
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PriT&te hoases, per familj : $4 00 

'* batlitubs, each ". 4 00 

** water cloeets, each 4 00 

*^ stables, one horse and carriage 4 00 

Meter rates per 1,000 gallooB : 

Oae hundred to 600 gallons per day..*. 26 

One thousand to 2,000 gallons per day 16 

Over 3,000 gallons per day * 10 

The city water is not in general use on account of tbe uncertainty of 
the supply. It is estimated that 80 per cent, of the population depend 
upon private wells for the domestic supply. The wells are all depths 
and descriptions, most of them axe dug, however, from 10 to 50 feet deep; 
some of the drilled wells are 100 feet deep. The water is obtained in 
sand and gravel under the surface soil; some of the deeper ones get the 
Water from the limestone or just above it. 

Sewerage — Kenton has no adequate sewerage, the system being put 
in a piece at a time. There are six m4es of combined sewers and three- 
fourths of a mile ot storm sewers, all emptying into the Scioto river The 
Bewers cover the central portion of the city only, the outskirts having 
but little access to them. Both vaults and water closets are connected to 
the sewerd, but the number cannot even be estimated. The sewage 
causes a nuisance during low water, but does not pollute the water sup- 
ply. Vaults are usually constructed of brick, but very few of them are 
watt-r-tight. Night-soil is hauled to the farms. Garbage is dumped in 
an old railroad cut near the liv^r. 

Lancaster, Fairfield county, population 8,302. Lancaster, the 
county seat of Fairfield county ,^ is situated on the h^-ad waters of the 
Hocking river. Its principal industries are the shoe factories and agri- 
cultural implement works. It has many well pav^d streets, a fair sewer 
system and a water works. 

Water Supply— The water works were put in by the city in 1879, and 
have cost to date $104,024.84. The first supply was irom the old Hocking 
canal and was used for fire purposes only. The present supply is from a 
gallery, and was introduced in 1881. The gallery is constructed of brick 
and is 1,100 feet long, with a cross section 3^ by 3f feet. It lies in the 
lowland between the Hocking river and the old Hocking canal. The 
principal portion ot the city is sitUHted on the high land back inim the 
river, so that the wkXer obtained by the gallery is chiefly the underdrain- 
age of the city. The old canal bed is higher than the gallery, and is at 
present serving as a dumping ground • Two 2-foot tile sewers are carried 
under the canal and over the gallery, one being carried to thQ river 200 
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yards past t^ e gallery knd the other stopping S2 feet on the other side of 
the gallery. The sewage from the sewer colkcte in a large pool from lack 
of drainage, causing a horrible nuisance, and without question seriously 
polluting the ground water with which the gallery is supplied. The gal- 
lery IB about 11 feet under ground, built ia a bed of gravel overlaid by 
blue clay. This rather impervious covering is the only thing which pro- 
tects the grouod water from the groseest pollution. The gallery leads to 
a brick well 18 feet in diameter and 20 feet deep, from which the water 
is pumped to a reservoir by two horizontal, duplex Worthington pumps 
of 1,500,000 gallons capacity each. One pump was put in in 1881, and 
the other in 1894. The water stands at times as high as eight feet from 
the bottom of the well, and can be lowered to within three feet of the 
bottom. The> reservoir has just been completed; it is situated on top of 
a hill one mile east o\ town. It is constructed of stone laid in cement 
and is 100 feel wide, 220 feet long, 18 feet deep from the coping and has 
a capacity of 2,430,000 gallons. It is not covered, but ils lodation pre- 
vents all surface contamination. 

There are a little over 13 miles of mains in, giving some 80 per cent, 
of the population access to tho. water. There are 625 services in, of which 
€00 are in use and 10 of these metered. The average daily consumption 
is 350,000 gallons and the average per consumer is 97 gallons. 

The water rates have just been changed and the new ones are not 
available. 

A large majority of the city's population use well water for domestic 
purposes. The wells are both dug and drove, but all are about 30 feet 
deep and obtain the water in a bed o\ gravel which underlies the whole 
region. ' Owing to the poor sanitary arrangements, the well water is very 
liable to pollution. 

Sewerage— L&ncsLster has the combined system of sewers, with outlets 
to the Hockiog river. The sewers are of piece meal construction and are 
in poor cocidiiion. Not all the outlets are carried to ihe river and these 
^URe considerable nuisance, and, as mentioned above, pollute the water 
supply. Vaults and cesspools are connected to the sewer*?, bu^ the num- 
ber could not be learned. Vaults are very poorly constructed, some of 
plank and others of brick ; none are water-tight. In some cases old wells 
have been used as ceEspool^. ' Night-soil and garbage are dumped one-half 
mile below town. 

Nel^onville, Aihens county, population 6,475. This is a manufac- 
turing and mining^town. The principal industries are the brick and tile 
yards and coal mining. It has some paved streets, electric lights, sani- 
tary sewers and a water works. 
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Wafer Supply — The water works were put in by the city in 1894, and- 
have cost to date $40,000. The supply is from a well 30 feet in diameter 
and 23 feet deep. The water is obtained from a bed of sand and gravel,, 
which is supplied to some extent with water from the Hocking river, a 
couple of hundred yards distant. The well is not wholly free from pol- 
lution, as there are a number of houses close to it, which are liable to 
contaminate the ground water with the leakings from their dirty yards 
and vaults. The well is constructed of brick and covered with a conical 
board roof. At times the water rises nearly to the surface, depending 
upon the rainfall and the height of the river, and it can be lowered to 
the strainer, which is four feet above the bottom. The ground water is 
kept up to some extent by a dam in the Hocking river, just below the 
water works. The dam is eight feet high, 300 feet long and backs the 
water up about three- fourths of a mile. 

The waters is pumped from the well to a reservoir by two horizontal, 
compound, duplex Gordon pumps of 750 000 gallons capacity each. 
The reservoir is 240 feet above the pumps and the same distance above 
the city, which it supplies by gravity. This reservoir is 80 teet in diam- 
eter and 22 feet deep, with a capacity of 750,000 gallons. It is constructed 
of brick laid in cement and is covered with a tin roof. It is cleaned 
once a year, a small quantity of sediment being removed each time 
There are eight miles of mains in, giving some 95 per cent, of the pop- 
ulation access to the water. There are 230 se:vice3 in use, of which three 
are metered. The average daily consumption is 130,000 gallons and the- 
average per consumer is 95 gallons. 

The annual water rates are as follows : 

Private houses, each family.. $4 00 * 

*' " each additional familj.. 8 00 

" bath tubs, etch.. 3 00 

" water closets, each 3 CO' 

" stables, ODe horse and carriage.. 3 00 

Meter rates per 1,000 gallons : 

Less than 500 gallons per day 30 

One thousand to 2,000 gallons per day ^ 20 

Over 10,000 gallons per day 8' 

Where the tap water is available it is* used for domestic purpo es. 
The private water supply is from dug wells, usually 30 feet deep, which, 
go through clay and find the water in a sand bed beneath. 

Sewerage — Nelsonville has a good system of sanitary sewen*, but no 
storm drains. The surface water is carried through gutters and ditches 
to the old canal bed and to a small run which empties into the Hocking 
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river. There are five miles of sanitary sewers, which give about 75 per 
cent, of the population access to them. They have one outlet to the 
river one mile below town. On account of the remoteness of the outlet 
no complaint is made of the sewage, but it must be objectionable during 
periods of extremely low water. There are 300 connections to the sew- 
ers, one-half of which are for water closets and the rest for drains and 
sinks. Vault connections are not allowed to.be made to the sewers. 
The construction and location of vaults is not regulated to any. extent. 
They must be cleaned at least once a year, but in some cases they are cov- 
ered over and new ones dug. Night-soil is buried in the country. 

Springfield, Clark county, population 47,000. This city, the county 
seat of Clark county, has all the modern improvements except a good 
sewer system, something which is lacking in most Ohio towns. Three large 
private homes are located here. The principal industries are the large 
reaper and thresher works. 

Water Supply — The water works were put in by the city in 1881, and 
have cost to date $666,402. The first supply was from a filter gallery ; thi& 
soon failed and two years later a reservoir was built just above the junc- 
tion of Beaver and Buck creeks at the site of the prfsent pumping 
station. Thin reservoir is 360 feet long, 200 feet wide and 18 leet deep, 
giving a capacity of about 8,000,000 gallons.^ The bottom and sides are 
only graveled and badly covered with weeds and moss. The reservoir is 
filled by the seeping in of the ground water. In order' to raise the level 
of the ground water and keep the reservoir full, a dam was built about 
300 feet below the junction of the creeks. This dam is 50 feet long, four 
feet high and backs the water up past the reservoir. This reservoir and 
the old gallery supplied the city until 1894-96, when the new station and 
gallery was put in and the old station abandoned. The new gallery is 
200 feet long, 32 inches wide and 48 inches high and lies 20 feet below the 
surface in an extensive gravel bed, which is situated under and between 
the two creeks at their junction. The gallery leads to a covered pump 
well 30 feet in diameter and 21 feet deep. This gallery supplies an ex- 
cellent water and so far plenty ot it. The reservoir is connected to the 
pump well by a 36-inch main, to be used in cases of emergency only. 

The old station contains a 2,600 000-gallon Cope and Maxwell pump 
that can be used to pump the water from the old gallery to the new pump 
well in case of failure of the new supply due to continued drought. The 
new station contains a horizontal, compound, duplex Holly ^pump of 
5,000,000 gallons capacity and a vertical, triple expansion Allis pump of 
7,000,000 gallons capacity. The Holly pump was brought Irom the old 
station, but has been remodeled, and is in good condition now. The> 
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•are in use and 150 of these metered. The average daily consumption is^ 
3,000,000 gallons and the average per consumer is 150 gallons. 
The annual water rates are as follows : 

Private houses, three roomB or Itts $3 75 

** " each additional room 62i 

" bath tubp, each 2 50 

" water closets, each , 2 50 

/* stables, per stall ^ 1 25 

Meter rates per 1,000 gallons : 

Three hundred and eightj-five thousand gallons or less per year... 16 

Three million gallons or over per year , 8 

It is estimated that 50 per cent, of the citj's population use well 
water for domestic purposes. The wells in the low portion of the town 
are all dug and only 20 feet deep, while those on the hills are drilled and 
-60 feet deep. The shallow wells obtain iheir water from gravel beds and 
the deep ones from sandstone. A private company furnishes spring 
water to a portion of the city. 

Sewerage— Akron has the combined system of sewers, with three out- 
lets to the Little Cuyahoga river, two below town and a temporary one 
above. Much of the storm water; however, is carried ofi by surface 
drains, making the system aloaost a sanitary one. There are 32 miles of 
sewers in, giving some 40 per cent, of the population access to them. It 
is claimed that there are 3.000 connectioos to the sewers, but this figure 
is much too high. The sewage during extremely dry weather causes a 
nuisance on account of the small volume of the river. There is a dam 
five feet high and 50 feet wide in the river between the sewer outlets, but 
as the upper outlet brings in but little sewage, it. causes no trouble. 
Vaults must be water-tight or dry earth closets used. Night-soil is dis- 
posed of on the neighboring farms. 

Bellevue, Sandusky and Huron counties, population 4,149. Belle- 
vue lies both in Sandusky and Huron counties. It is a manufacturing 
town of growing importance. Three railroads pass through it. The 
principal industries are the large plow and cultivator works. It has 
many well paved streets, electric lights and a water supply, 

Wa'er Supply—The water works were put in by the corporation in 
1874, and have cost to date $100,000. The supply is irom a well and a 
county ditch. The supply at first was Irom the ditch alone. This was 
impounded in a small reservoir five acres in area ''and having a capacity 
of o5,000,000 gallons. In 188L an additional reservoir was built; this one 
has an area of eight acres and a capacity of about 55,000,000 gallons. 
These reservoirs have earthen embankments, but seem to be in good con- 
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'dition. The ditch which runs through them is fed by the farm tile and 
small ditches. It has a watershed of 2,000 acres, consisting of well 
farmed land, and the pollution consists of the drainage from theflarge 
rural population and from highly manured fields. 

The well is 204 feet deep and 10 inches in diameter ; it was drilled in 
1895. It goes through limestone all the way, the water coming fiom 
numerous crevices found at all depths. The water stands 90 feet below 
the surface in summer and 65 feet below in winter. The level ia in- 
fluenced but little by the pumping. The well is pumped by a Downy deep- 
well pump of 375r,000 gallons capacity. The suction is 146 feet below the 
surface, to which depth the water can be pumped. As the well water is 
bard, its use is objected to by the large number of boiler users. The manu- ' 
facturing interests are strong here, so the well water is used only in the 
summer when the reservoirs are low, though it is much the better water 
from a sanitary standpoint. The reservoirs flow to a pump well 15 feet 
in diameter and 20 feet deep, from which the water is pumped to a stand- 
pipe by two pump?, one a Gordon pump of 1,500,000 gallons capacity and 
the other a Knowles pump of 500,000 gallons capacity, both in poor con- 
dition. The standpipe is 20 feet in diameter, 100 feet high |ind has a 
capacity of 230,000 gallons. There are nine miles of mains in, giving 
76 per cent, of the population access to the water. There are 480 services 
in use, none cf which are metered. The average daily consumption is 
' 500,000 gallons and the average per consumer is 175 gallons. A great 
deal of this water can be accounted for by the fact that three railroads 
are supplied Jrom the city mains. 

The annual water rates are as follows : 

Private housep, six rooms or less $5 00 

" " each additional room 50' 

*' bath tuba, each... 2 00 

** water clocet 8, each 2 00 

** stables, one horse and carriage....... 2 00 

Meter rates per 1,000 gallons : 

One hundred to 600 gallons per day * 25 

One thousand to 2,000 gallons per day 15 

Two thousand to 4,000 Rallons per day.. 10 

The city water is not used to a very great extent for domestic pur- 
poses; nearly every house has a private well for drinking water. Most 
of these are about 35 feet deep and dug into the limestone for a few feet, 
where the water is found. Filtered cistern water is also used. 

&i(;«ra^e— Bellevue has a Unique method ot disposing of sewage. 
^Some50 to 60 feet down there seems to be an underground stream or 
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vein of considerable size, which is said to come to the surface at Castalia,. 
north of there. Down to this current, wells or sinks are drilled into which 
all sewage and a great deal of the storm water is emptied. There are a 
number of these holes drilled by the city for street drainage and many 
more drilled by private parties to dispose of sewage. As it costs a good 
deal to drill these sink holes, most of the private houses use vaults. 
None of these are water-tight. Night soil is buried in the country. 

Canton, Stark county, population 51,826. Canton is the county seat 
of Stark county. It is quite a manufacturing city, iron and clay being 
the principal products. But besides these industries there are the two * 
large watch factories, employing some 1,800 hands. 

Water Supply — The water works were put in by the city, and have cost 
to date $400,000. The supply is obtained from the west branch of Nim- 
ishillen creek and from wells. Canton has had a water supply for many 
years, the first water being taken from the Nimishillen creek, which wafr 
the sole source of supply until 1888,. when the first wells were put down,, 
nine being added in 1898 

Nimishillen creek is dammed 1.3 miles above the pumpingstation, and 
the water brought down by a small race or canal. Tbis dam is 35 feet 
long and only one loot high, merely diverting the water to the race. The 
creek at this point has a watershed 48 square miles in area. The only 
source of pollution is from' the numerous farm houses and barn yards, 
and. from a public ford one-fourth mile above the dam. Stock of all 
kinds are washed and watered at this ford, seriously contaminating the 
public water supply. The water is badly discolored at times from the 
large amount of organic matter due to leaves, etc. 

T?iFentysix drilled wells were put down in 1888 in the park adjoin- 
ing the pumpiog station. Iq 1893 these were supplemented by six wella 
built along the race. These latter supply now more water than all the 
rest. The 26 wells are each four inches in diameter, and six six inches in 
diameter, all averaging 270 feet in depth. These wells go through on an 
average of eight feet of soil, 260 feet of limestone and then into sandstone. 

A 2,000,0 0-gallon Gordon pump, put in in 1889, pumps the wells to a 
large pump well. The water rises very near the surface when the wells are 
not pumped, and is leveled about 25 feet by direct suction. During a 
test some of the welh were lowered 60 feet. The race water also empties 
into the common pump well, and both waters are then pumped direct by 
the following pumps : A 3,000,000-gallon WorthinRtori, erected in 1887» 
and a 2,500,000-gallon Worthington, put up in 1890, also a 7,000,000-galion 
Holly, put in about 1892. These pucnps are all horizontal, compound^ 
duplex, and ' are in fair condition. The average daily consumption is 
3,687,781 gallons, allowing a reasonable slip for the pumps. Of this 
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about 1,200,000 gallons is supplied by the wells, and the rest is the raw 
water from Nimishillen creek. This water is improved some by subsi- 
dence in the race. The public water is accessible to 90 per cent, of the 
city's population. There are 4,000 services, of which only 20 are metered. 
The average daily consumption per capita for the population actually 
supplied is 135 gallons. 

The water rates are as follows : 

Pri Tate houses, foar rooms or leBS $6 00 

** '* each additional room to six 1 00 

*' " each additional room above six.. 50 

'* water closets, each, with house u^e 2 00 

" •* ** * without house use 5 00 

'* stables, one horse and cow.. 100 

Meter rates per 1,000 gallons : 

Five hundre I to l,000giAllovi'» per day II 

Two thousand to 3,500 gallons per day.. 10 

Ten thousand to 20,000 gallons per daj i 

There are not many private wells in the city ; most of these are dag 
and average 60 feet deep, getting their water from gravel. 

Sewerage — The separate system of sewers is used. There are eight 
storm sewer outlets, three to the West Branch'ot the Nimishillen, four to • 
the East Branch and one to Shivers run, which emptied into the Bast 
Branch. There- are 9.36 miles of storm sewers, which, with the creeks 
and run, talce care of all the storm water. ' 

The sanitary or house sewers all lead to one trunk se^rer, which 
carries the sewage to a sewage disposal works south of the city. There 
are 17.32 miles of these sefwers, including two-thirdu uf a mile of trunk 
sewer leading to the disposal woiks. About 50 per cent., of the city's popu- 
lation have access to the sewers. There have been some. 1,300 connec- 
tions made, but this is an estimate only, as no record is kept 

The average amount of sewage to be disposed of is 1,600,000 gallona 
This is treated in a chemical precipitation plant, consisting of four tanks, 
each 100 by 50 feet in area, with the necessary channels, wiers, etc., and 
a \arge house for the pumps, chemical tanks, etc. As the sewage passee 
through this machinery house, one grain of alum and 10 grains of lime 
are admitted in solution to the sewage for each gallon of the same. The 
sewage then flows through the tanks in succession, depositing all its im- 
purities, coming out of the last tank a comparatively clear liquid, with a 
slight milky tinge. This effluent flows into the Nimishillen creek but 
causes no nuisance. When enough sludge has collected on the bo^ 

17 BD. OF H. 
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torn of the tanks the water is drawn off and the sludge run to a 
sludge well, frocn which it is pumped to a filter press. The sludge is used 
fur fiil or disposed of to the farmerd. The se'wage plant has cost $31,464.62 
to date. The running expenses for the last year were $3,128.45 'or $5.35 
per 1,000,000 gallons of sewage treated. 

Vaults are being done away with ; none are allowed to connect with 
sewers. No new ones are built in the heart of the city, but many old 
ones still exist. Of course, the outskirts still build vaults and build them 
according to their own ideas and plans. 

Columbus, Franklin county, population 140,000. Columbus, the 
capital ot the State, is the third city in point of aize. It contains several 
large State institutions, including the State University, which give it a 
larg6 unprociuctive population. Its commercial and manufacturing in- 
terests are not small, however. The principal industries are the several 
large buggy factories, shoe factories, steel plant, engineering works and a 
large amount of general manufacturing. It once rightly claimed the 
best paved streets^ and handt-omest residt^nct-s of any city in the State, 
but the former have sadly deteriorattid. It has a good sewer system, but 
is troubled at present with the disposal of the sewage, as the Scioto river 
and Alum creek can no longer furnish water enough for the dilution 
method, which has alwayi^ been used. A new water supply, or rather an 
addition to the present system is under consideration. 

WtUer Supply — The water works were put in by the city in 1871, and 
have cost to January 1, 1898, $2,294,341.35. The original supply was 
from a filter basin near the Olentangy river, at its junction with the 
Scioto. This lurnished the supply until 1877, when, to meet the in- 
creased demands of the city, the construction of a filter gallery was com- 
menced. This gallery consisted of an open work brick tunnel 3J feet in- 
side diameter and 5,71,5 feet long. It passed under the Olentangy river 
six feet billow its bed, thence along the Dublin pike to the Scioto river at 
the site of the present intake, one mile west of the pumping station. This 
gallery gathered its water Jrom tbe extensive gravel beds underlying this 
section of the country. The gallery was completed in 1880, and in 1883 
more water being required, a branch gallery was started and completed 
in the following year. This branch, 1,650 feet long, was of the same 
construction ai tbe main conduit; it started from a puint in the main 
gallery just under the Soiotn river and extended under the Big Pour 
and B. & 0. railroads. In 1885 a similar gallery was run from the same 
point in the main con<luit due nt)rih 1,931 feet. It was soon found that 
these galleries would not lurnidh enough water and new ones were pro- 
posed, but there was no urgent need at that tinir-, owing to the completion 
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of the new East Side station in 1891. The supply from this station was 
first obtained from one large brick well 26 feet in diameter and originally 
58 feet deep, bat since filled up by the infiltration of sand. The supply 
from this well soon lailed to meet the growing demand, and, in 1894, 
32 wells were driven in a six-acre field bordering on Alum creek. These 
wells are 60 feet deep and six inches in diameter, all connected up to a 
common suction pipe, which is attached to a 36-foot suction pipe from 
the main well. 

The wells go through the various layers of soil, clay, etc., down to 
40 feet, at which depth a layer of hard-psin is passed through below which 
is water-bearing gravel, more hard-pan is passed through and a second 
large water-bearing stratum is found just above a layer of hard-pan 
at 60 feet, to which the wells go. The casing is perforated at the bottom 
and at the 40 foot level, so as to get water from both strata. The auction 
of the pumps is 20 feet below the surface, and when not pumpiqg the 
water rises above this point. The supply has always been sufficient and 
even large detnands lower the water but little. Owing 'to the distance of 
some of the wells from the pumps and long, suction, a vacuum pujmp is 
necessary to keep the air out ot the suction pipe leading to the wells. 
Until 1898 the above sources attempted to supply the city, but with less 
success each year. During all this period more or less water had to be 
taken direct from the Scioto river at a point just one mile west of the 
pumping station. The river at this point receives no pollution from the 
sewage of the city, except the overflow from the insane asylum sewer air 
explained in Profej-sor Brown's report. The stone quarry hettlements 
near Marble Clifi iurnish a very objectionable surface drainage. The 
sewage from the Girls' Industrial Home, Marysville, .Marion and Kenton 
finally reaches the Scioto, but at such distant points that the river loses 
all visibltj signs ot it but does not, from a chemical and bacteriological 
stancl point, compleUBly recover. 

In 1898 a new gallery was constructed starting at the station and ex- 
tending under the Olentangy river, along the Dublin pike, and then under 
the Scioto river, in all 3,550^ feet. This gallery was constructed 01 a 42- 
inch cast iron pipe, with the lower half perforated ior the admission of 
water. Along this line, and flowing to it, 34 6-inch wells, averaging 70 
feet deep, were drilled to augment the supply. These wells extend down 
through the gravel and about 10 feet into the. limestone under it. 

Plans are proposed for a large storage reservoir on the Scioto river, 
with small temporary dams below it, which can be filled during low 
water from the large reservoir, and thus alwajs keep water in the river, 
from which the galleries under the latter are to be supplied. During the 
winter of 1898 after the new gallery and wells were connected up, there 
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was bat little need for the direct connection to the Scioto, and the citj 
was furnished with the subsurface water for a greater part of the time. 

At the end of 1897 there were 171.5 miles of mains in use, giving 
about 90 per cent, of the population access to' the water. There are 12,892 
services in use, of which 3,005 are metered. The average daily consump- 
tion for the West Side station was 7,689,472 and for the East Side 5,806,362, 
making a total of 13,495,834 gallons, or an average per consumer of 160 
gallons. 

The annual water rates are as follows : 

Priyaie houses, one family, four rooms or lets^ : $2 66 

'* ** each additional room 66 

" bath tubi, hot, each 2 66 

" water closets, each... 2 00 

^* stables, one horse and carris^e 2 38 

The meter rate is six cents per 1,000 gallons. 

There has been a good deal of objection to the city water for the last 
few years and many wijl not drink it without previously boiling or filter- 
ing. A much too large percentage of the people use private well water. 
These wells are of every kind and depth, some shallow dug wells 15 to 20. 
feet deep, others drilled wells 100 or more feet deep. Most of the well 
water shows more or less direct sewage contamination and should Qot 
be used; 

Sev>ernge-'ColvLmh\XB has the combined system of sewers with outlets 
to Alum creek and to the Scioto river. The sewage from the eastern part 
of the city is collected by a trunk sewer, which empties into Alum creek 
just south of NfaiQ street. This outlet causes a terrible nuisance during 
summer and fall, when the creek contains bat little water. 

The sewage from the main portion of the city, ju^t east of the Scioto 
and Olentangy rivers, is carried to an intercepting sewer running the 
whole length of the city, and emptied into the Sciofo opposite the south- 
ern part of the city. This interceptor has 22 storm overflows to the two 
rivers, six of which are to the Olentangy aboye the water works. The 
^' West Side" has two sewers, one emptying into the Scioto just above 
Mound street and the other opposite the mouth of the interceptor below. 
The first sewer is the outlet for the oldest system of Columbus and^ drains 
the portion of the West Side just west of the river. The (other sewer is 
what is known as the *' Dry Run sewer,'' about which there is litigation 
at present. The city has been enjoined from allowing closet connections 
to be made to this sewer, and the outcome of the controversy is uncer- 
tain. The two large asylums in the western part of the city have a force- 
main to the Scioto river at Mound street, through which they pump 
their sewage. The sewers emptying into the Scioto cause a nuisance of 
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tfae,foule&t kind during dry weather. The water works takes all the sum- 
mer flow of the river, thus making that below town nothing but pure 
sewage. 

In all there are 143.59 miles of public sewers, 10 miles of private 
sewerl^, giving 80 per cent, of the population access to them. It is esti- 
mated that 75 per cent, of those having access to the sewers are connected, 
or 60 per cent, of the total population. 

Vaults, hand flush closets, water closets, everything are allowed to 
connect to the sewers, which account for the large percentage above. 
Vaults are constructed in any and in every manner, and but fevr are 
water-tight. Night-doil is disposed of in the country. Garbage is 
collected and hauled to a disposal plant near Alum creek, where the 
grease, etc., are extracted, and the refuse used for fertilizer. There is a 
great deal of local complaint about this plant, net much of which is well 
founded. 

Harrison, Haixiilton county, population 1,816. Harrison lies bot 
in Oaio aad Indiana, the above population is for both towns, as the water 
supply is in common. The village has no paved streets or sewers. 

Water Sv,pply—The water works were put in by a private company In 
1891. The same company also owns the electric light plant. The com- 
bined cost of both plants was $54,800, of which about $12,000 can be 
charged to the light plant. There has been $2,200 added to the water 
plant. 

The company operates under a 20-year franchise, granted in 1891, 
•with no provision for purchasing by the village and nothing regarding 
the kind of water to be supplied. 

The supply is from Whitewater river and wells. Most of the water 
ccrmeS from the river, as the wells cannot supply enough. The only chance 
of pollution to the river is the small village of New Trenton, six miles 
above, and the usual number of farm houses. The water is pumped 
direct from the river through two 10-inch intake pipes. There are four 
driven wells eight inches in diameter and 18 feet deep in the bottom of a 
pump well 16 inches ia diameter and 18 feet deep. The wells obtain sur- 
face water only from a large gravel bed. 

There are two pumps in use, one attached to the well and one to the 
river intake. Thc^se pumps are of the horizontal, duplex Gordon type 
iind have a capacity of 5,000,000 gallons each. The water is pumped to 
a staodpipe, which is 110 feet high and 14 feet in diameter with a capacity 
of 125,000 gallons. 

There are four miles of mains, giving about 50 per cent, of the people 
in both towns access to the water. There are 150 services in use, of which 
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26 are metered. The average daily consumption is 85,000 gallons and 
the average per consumer is 40 gallons. 
The annual water rates are as follows : 

PriTftte houseB, one or two room9» one Umily.. $8 00 

" " three or four rooms, one family.. ..» :... 4 00 

'* ** nine or ten rooms, one family 8 00 

" ** each additional family.. 2 60 

' bath tubs, each.. ^. 4 00 

^* water closetii, each 4 00 

" stables, one horse and Carriage 3 00 

Meter rates per 1,000 gallons : 

One thoaeaod {gallons or l^ss per day 24 

" to 2,000 gallons per day« 18 

Over 10,000 gallons per day 10 

The private water supply is principally from drove wells, 20 to 35 
feet deep, which get their water in a bed of gravel. 

Sewerage — There are no sewers, either public or private, that have 
closet connections. The storm water is drained to Whitewater river. 
As the construction of the vaults is not regulated in any manner, most 
of tbem are merely holes in the ground, while a few are either boarded or 
bricked up. 

Marion, Marion county, population 16,484. Marion is the county 
seat, of Marion county. It has electric lights and cars, paved streets, 
a water supply and a fair sewer system. Its industries consist of a pteam 
shovel, agricultural and traction engine works. 

Water Supply — The water works were put in by a private company in 
1890, and have cost .to date about $240,000. The franchise is for 25 years^ 
and the city tn^y purchase the plant 10 years from November 23, 1888, 
and every five years after this period. The following section of the fran- 
chise refers to the kind of water to be supplied : " The supply shall be 
ample for all the wants of a place of 20,000 inhabitants. It shall be a 
good potable water, free from all obnoxious and injurious elements, and 
be procured from such suitable places as will g^uarantee its present purity,, 
and the source shall be protected from future encroachment or pollution." 
The present supply is from a basin and wells two miles west of town, 
near the Little Scioto river. The original supply was from the basin, the 
wells being put down in 1895 to help through the dry months. The basin 
is an irregular shaped canal in the old bed of the Scioto river and gets its 
water from the gravel beds of the river, springs and some surface drain- 
age. It has an area of 1^ acres and the water is from six to eight feet 
deep in it, giving a capacity of about 2,000,000 gallons. The sides and 
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bottom are the natural clay and gravel and they become very badly over* 
grown with weeds. 

There are 10 wells in a double row 600 feet long, five of these are 200 
feet deep, one 140 feet, one 120 and three 100 feet deep, all are eight 
inches in diameter. Only two of the wells are connected to the pumps. 
When the reservoir gets low the two wells are pumped to it by two small 
Worthington pumps, one attached to each well. These pumps are hori« 
zonial, simple punips, one of smcdl capacity. 

The water stands in the wells 12 feet below the surface when not be- 
ing pumped, and is lowered the suction limit. The water is pumped 
from the reservoir to a standpipe by two horizontal, compound, duplex 
Dean pumps of 1,500,000 gallons capacity each. The standpipe is 25 
feet in diameter and 90 feet high, with a capd^city of 332,000 gallons. 

There are 15 miles of mains, giving 75 per cent, of the population 
access to the water. There are 887. services in, 737 of these being in use 
and 70 metered. The average daily consumption is 550,000 gallons and 
the average per consumer is 125 gallons. 

The annual water rates' are as follows: 

Private houses, five rooms or less $5 00 

" '* each additional room 1 00 

• water clo.tet£i, each.. :... 4 00 

hath tub^, each 4 00 

** siables, one horse and carriage 8 00 

The meter rates per 1,000 gallons per day for the first 1,000 is 25 cents, 
and for each additional 10 per day is 10 cents. 

There are a large number ol private wells in use, many are shallow 
dus; wells getting a surface water above the limestone, the drilled ones are 
45 to 65 feet deep acd gtt a good water in the rock. 

The a-!werage of Miirion has been previously reported on, and will 
be found on page 145 of the General Report. 

Massillon, Stark county, population 14,328. Massillon is on the 
line of the Ohio canal, which gave it its original prosperity. The princi 
pal industries are agricultural works, glass factories, a rolling mill and 
paper mill. The paper mill manufactures a great deal. of straw- 
board and discharges it^ retut^e into the c>inal, discoloring it for a long 
distancH. The new Slate hospital for insane is located about one-half 
mile south of the city; it has just been dedicated and has but few patients^ 
It will have its own water works and sewage disposal plant. Massillon 
has some paved streets, sewers and a water supply. 
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W(3iUT Supply — The water works were put in ill 1881 by a private 
company, operating at first under a franchise granted in 1881, but now 
under one granted June 7, 1886. Tdis latter contract has the following 
clause in it regarding the kind of water to be supplied : 

"The water is to be taken fromSippo lake, which is to be thoroughly 
cleaned and such precautions taken as will prevent future contamination, 
and be conducted from the lake to an impounding reservoir similarly 
prepared and projected. From the reservoir the wat^i* shall be first fil- 
tered and be led through a 24-inch main to the pumping station of the 
company, from which it will be pumped into a stand pipe or reservoir 
of sufficient capacity and elevation to at all times supply all parts of the 
city with water." 

The city has the option of purchasing the plant at the end of 10 
years and of every five year period thereafter. 

The supply is at present taken from two sources. The water ued 
for domestic purposes is taken from a gang of drilled wells, while the 
water for manufacturing purposes, street sprinkliog, etc., is tikea from a 
reservoir supplied by Sippo lake. 

There are six wells, six inches in diameter, with an average depth of 
200 feet, the lower part in sandstone. Four of these wells flow when not 
being pumped and in the other two r ses very near t^ie surface; during 
pumpiiiK the water is lowered 15 feet The wells are pumped direct by 
a 2,000,000-galloh Blake pump, put in in 1887, and by a 1,500,000 Dean 
pump mda 1,000,000-gallon Worthington pump, both put in in 1893, when 
ibe wells were first used. A small reservoir, 18 feet deep and 30 feet in 
diameter, holding 1(X),000 gallons is used as a reserve supply for the 
Wells. The water is pumped from the wells to a staudplpe, which was 
erected in 1883, being usedlformerly on the old supply. It is 25 fe**t in 
diame er, 150 feet high and has a capacity of 550,000 gallons. There are 
24 miles of mains in this, the high pressure ey>»tem, giving some 75 per 
cent, of the population access to the water. Tbere are 1,300 services 
in use, tO of which are metered. The average daily consumption is 
600,000 gallons, allowing slip on the pumps This gives an average daily 
consumption per consumer of 65 gallons, which is an important figure, 
as it represents the amount of water used for domestic purposes only. 

The low pressure supply is by gravity from a large reservoir supplied 
by Sippo lake, a large marshy district northeast of the city. This supply 
was secured in 1881 and supplied the city for all purposes until the wella 
were introduced in 1893. A 2,000,000-galIon Blake pump stands in an 
old pumping station, which can still be used to pump the lake viater to 
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the Btaiidpipe in cases of great emergenoy. The low pressure is 25 pounds 
4ind the high pressure is 75 pounds. 

The annual water rates are as follows: 

Private hoasefl, five rooms or les0 $5 00 

" *^ each additional room 75 

bath* tubs, each...... ; 2 75 - 

" WHter closets, each 8 00 

** stables, One horse and carriage.. 2 50 

Meter rates per 1,000 gallons : 

Oae hundrtd to 200 galioos per daj 25 

One thousand to 2,000 galloDB per daj ; 18 ' 

•Over 5,000 gallons per day , 15 

There are bat few private welU in use ; these are drilled wells from 20 
to 30 feet deep aad go into gravel and siod ab i/e the bed rack. 

Sewerage — The combined system of sewers is used. The lateral sew- 
ers empty into an intercepting sewer, which has its outlet into the Tus- 
carawas river, just sauth of the city; the storm water overflows are to 
the canal. The sewers are accessible to about 20 per cent, of the people 
and abjut 40 per cent, of this number are connected, or about 150 fam- 
ilies. The sewage causes a nuisance in the dryest wealher, owing to the 
small flow of the river, but on account of the location of the outlet, the 
objection is not great. 

Nearly every house in town has an outdoor vault, very few of which 
Are water-tight. 

NiLES, Trumbull county, populatloi^ 4,694. Niles is situated on the 
Mahoning river, a few nailes above Youngstown, with whiqh it has elec- 
tric car connection. As with its neighboring towns, the iron industry is 
large. There is one pavtd street, a short sewer and a water works. 

Water Supply — The water works were built bv the city in 1891 and have 
-cost to date $t)5,000.. The supply is from nine wells driven in the low 
^ land near the riven with dirt-ct connection to the latter for use incase of Are. 
The wells intercept the underdrainage of the city on its way to the river 
and they may ohtaiu a polluted water as the city grows. They are eight 
inches in diameter and from 50 to 75 feet deep, going through sandy 
loam and hard pan into gravel in which the water is found. The wells 
fljw when not being pumped, but tk e water can easily be lowered to the 
suction limit ot the pumps, to which they are attached direct. The water 
is pumped to a covered r^'servoir by two horizontal, duplex, compound 
Hughes pumps of 1,200,000 gallons capacity each, both put in with the 
works. The reservoir is cut into the natural sandstone lined with brick 
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in cement and is covered with a shingle roof. It has a capacity of 1,260,- 
000 gallons. 

The wells fail to supply water for fire purposes and a 14- inch pipe has 
been run to the river which must be used on such occasions, and it is said 
to be used occasionally at other times. There are 10 miles of mains in 
giving some 70 per cent, of the population access to the water. There 
are 559 services in, of which 555 are in use and none metered. The aver- 
age daily consumption is 421,000 gallons and the average per consumer 
is 120 gallons. 

The annual water rates are as follows : 

Private housee, 812 rooms or less $6 00 

Each additional room up to 10 .*. 1 00' 

Private bath tabs, each 3 60 

'* water closets, each 3 00 

** BtabTes, one horse and carriage 3 00 

One-half of the city's population drink well water. The wells are- 
mostly shallow dug ones very liable to pollution. 

Sewwap^e— Nlles has 1,000 feet of combined sewers with an outlet to 
the Mahoning river. This sewer is on the main street and has some 5& 
water closets connected with it. There is a private sewer, with 10 con- 
nections, in an addition Dorth of town, which empties into Mosquito 
creek, a tributary of the Mahoning. 

Vaults are not regulated in any way. Night- soil and garbage are 
disposed of individually on the neighboring farms. There is aMam 
three feet high and 200 feet wide on Mosquito creek, which backs the 
water up some three miles. It runs a local flour mill. 

Ravenna, Portage county, population 3,484. This is a quiet country 
village with butlittle manufacturing. It has a water works, electric lights, 
but no sewers. It is now paving the principal street. 

Water Supply — The water works were put in by the village in 1885 and 
have cost to date $125,000. The original supply was from Crystal lake. 
This soon failed in summer and in 1888 connection was made to Muesy * 
lake. This supply was unsatisfactory, and in 1895 four wells were put 
down near Crystal lake. Crystal lake has an area of 37 acres and Mu^sy 
lake an area of 75 acres and an average depth of 30 feet. The drainage of 
the surrounding country finds access to these lakes but the pollution is not 
serious. Mussy lake is said to furnish the poorer water of the two and ob- 
jection was made to using it as a source of supply for Ravenna. There 
are three wells six inches in diameter and one lour inches in diameter 
and they are 192, 281 and 152 feet deep respectively. The wells go through 
clay and gravel striking the sandstone 140 feet from the surface. The 
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wells are pumped by a Pofale air-lift toCrystid lake when the latter is low, 
usually from June 1 to January 1. When not being pumped the water 
stands 26 feet below the surface and c&n be lowered 60 feet. Ttie water is 
pumped direcu from Crystal ^ lake to the mains by two horizontal, com- 
pound, duplex Knowles pumps of 1 500,000 gallons each. Mussylake 
was formerly pumped to Crystal lake by a 1,000,000-gallon Knowles pump, 
which is still in place near tbe lake. There are 18 miles ot mains in, 
which give some 90 per cent, of the population access to the water. There 
are 1,100 taps or faucets in use on tbe maint«, but no record is kept of the 
number of services. There are 14 meters in use. The average daily 
consumption is 500,000 gallons. 
. The annual water rates are as follows : 

Private houses, fi?e rooms or less.... $6 00 . 

" bath tubs, each.„ 2 00 

•' watered sets, each 2 00 

stables. .\ ...... 2 00 

Meter rates are five to 15 cents per 1,000 gallons according to the 
quantity used. 

The private water sunply is fropi a few dug wells about 20 feet deep. 
This water is used a good deal in summer for drinking, as the public 
supply is warm. 

Setoertige — The drainage of Ravenna is west to the Cuyahrga and east 
to the Mahoning river. There are two storm sewers in town, one empty- 
ing into each of the above rivers, or into ditches leading to ihem. There 
are one or two closets connected to these sewers, which cause some 
nuisance in summer. A few water closets are drained to cesspools. The 
majority of tbe people use outdoor vaults or dry earth clo^tts. 

WoosTER, Wayne county, population 5,956. Wooster, the county 
seat of Wayne county, is a quiet, aristocratic city, with but little manu- 
facturing, its life being infiuenced to some extent by thedmall university 
located here. There are a number of well paved streets which are kept 
in good condition. It also has a sewer system and>a water supply. 

Water Supply— The water works were put in by the city in 1875 and 
have cost to date $114,000. The supply at present is obtained from two 
sources. The first water was supplied by gravity from the Redick reser- 
voir, which is formed by a dam across Christmas run in the northern 
part of the city. The run above the .dam has a drainage area ot eight 
square milee, on which are located a number of farm houses and the 
County Children's Home, which has some 60 inmates. This institution 
has no sewer system, depencling upon outdoor vaults. All surface drainage, 
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however, enters Christmas run, then flows down to the reservoir, only 
three-fourths of a mile below. The reservoir will hold 8,000,000 gallons, 
with an avera'ge depth of 18 feet. ' Its sides are paved roughly, but no 
provision is made to keep the mud from the hills from washing in. The, 
water is very muddy all the time and it i^ coveted with scum and 
growths to some extent. ' Besides the surface water the reservoir is sup- 
plied by It few small springs. Christmas run is dry most of the time and 
the reservoir is filled during freshets, when the water is in the worst con- 
dition. .A well was drilled 'above the reservoir some years ago and 
pumped to the reservoir, but this 'stopped all the springs, so this was 
abandoned. As the. reservoir is only 114 feet above the streets the need 
of greater pressure and also of a larger supply was soon ielt. In 1881 a 
well, 47 feet deep and 33 feet in diameter, was dug northeast of \he city, 
and the Bloomington reservoir built. The well is now pumped to the 
reservoir by a three-fourths million gallon Worthington pump pat in 
in 1888. When not being pumped tfie. well has 13 feet of water in it and 
it is pumped dry in about five hours, then allowed 4o fill again. The 
reservoir is circular, four acres in extent, and holds 4,000,000 gallons of 
water, with a depth of 13 ieet. The sides of the reservoir are paved 
roughly, no surface drainage can entef it Its edges are overgrown with 
weeds and the bottom is covered with moss. The reservoir is 160 feet 
above the pumpiog station and 248 feet above the city streets. The aver- 
age daily consumption is 500,000 gallons, about half of which is supplied 
from each reservoir. There are 11^ miles ot mains, to which some 80 per 
tion per consumer is 220 gallons. This means but little,-as the city water 
cent, of the city's population have access. There are 486 eervices of which 
367 are in use and 128 of these metered. The average daily consump- 
is but little used lor domestic purposes. 
The annual water rates are as follows: 

Private hoases, fire rooms or less $4 00 

Each additional room ; 50 

Private bath tubs, each 2 00 

" water closets, (each ^ 2 50 

" stables... 3 00 

* 

Meter rates per 1,000 gallons: 

One thousand gallons or less per day 10 

Over 1,000 gallons.. 08 

The domestic water supply is obtained almost entirely from private 
wells. Nearly every hous^ in town has a dug well, these are 18 to 25 feet 
deep in the lower portion of the town and some deeper back on the hills. 
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There are about 35 drilled wells in use, these run from 40 to[100 feet deep. 
The water is found 4n shale, which starts just below the surface and ex- 
tends some distance below the wells. Vaults are not allowed within 50 
leet of a well unless water-tight, but most of them are not tight^and the 
subsurface water is of doubtful purity. ■ 

Sewerage — The combined system of sewers is used, with one outlet to 
Apple creek just south of the city. About 60 per cent, of the population 
have access to the sewer and there are 300 vaults and water closets con- 
nected to them. No complaint is made of the sewage, but the outlet is 
so far removed that none would be made even if the sewage were objec- 
tionable. 

The stream above the sewer is periodically flushed by the operation 
of a water power above the outlet. The dam is 30 feet long and six feet 
high and is used to run a small grist mill. The water is collected by^the 
dam and allowed to escape in volume during the operation of the mill, 
washing the sewage into Killbuck creek. 



SUBSURFACE AND DEEP-SEATED WATER 
SUPPLIES. 



The report lipon the supply of Wapakoneta is included with the spe- 
-oial repprt upon the Maumee watershed. 

Eaton, Preble c^unjty, population, 3,892. Eaton, the county seat of 
Preble county, is a country village with no public improvements except 
its water works. 

Water Supply— The water works were put in by the village in 1891, and 
have cost to date about $80,000. The supply is from wells and springs near 
Seven Mile creek. The well water is furnished by 10 driven wells ranging 
from 74 to 89ieet in depth and all six inches in diameter. They go through 
55 feet of hard-pan into a bed ot gravel which furnishes the water. The 
wells flow when not being pumped, and the water can be lowered 35 feet 
"during dry weather. The springs are one-tourth mile west of the water 
works at the foot of a hill just a&ross Seven Mile creek. The water is 
collected by a sewer pipr gallery and is brought by gravity through a tile 
to the station. N^r the works this pipe line empties into 'a silt well, 13 
feet in diameter and 15 feet deep, which frees the water from the heavier 
sediment before it reaches the pumps. It is estimated that the wells can 
supply 150,000 gallons per 24 hours, and the springs 200,000 gallons. 
A covered reservoir of 100,000 gallons capacity is just being built, into 
which the water ot the wells and springs may flow when the pumps are 
not running. The reservoir is 110 leet long, 12 feet wide, 12 feet deep and 
will be built of brick laid in cement. Direct, connection can be made to 
the creek for use in case of fire. The water is pumped to a standpipe by 
three pumps, two are horizontal, compound Gordons of 1,000,000 gallons 
capacity each and one small Hughes pump of 500,000 gallons capacity. 
The first pumps were put in with the works, and the latter in 1898. The 
standpipe consists of a tank 20 feet in diameter and 80 feet high, placed 
on top of a stone tower 50 leet high. It has a capacity of 185,000 gallons. 

There are nine miles of mains in, giving some 75 per cent, of the 
population access to the water. There are 390 services in use, of which 
110 are metered. The average daily consumption is about 90,000 gallons 
per day, and the average per consumer is 40 gallons. 

The annual water rates are as follows : 
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Private houses^ ^ • $6 00 

" bath tabs, each 2 BO 

" >r«ter doaeta, each.... 2 00 

" Rtables, one horse and cow^ 8 00 

Meter rates per 1,000 gallone: 

One hundred to 500 gallooa per day 25 

One thousand to 2,000 gallons per day ^ 15 

Tiro thousand to 4,000 gallons per day , 12} 

The private water supply is from shallow wells 18 to 20 feet deep. 
The water is usually found in gravel, but in the western part of the city 
limestone is struck. 

Sfitveraqe "The storm water Is drained to Seven Mile creek by gutters 
and ditches. There are no sewers in use. There are three water closets 
which drain to cesspools. Night-soil is hauled to the country. A sewer 
Bystem will be necessary as several gutters are in bad shape from accufnu- 
iated filth. 



5. DEEP-SEATED WATER SUPPLIES. 



Only one town wa^ examined having a public water supply in thii^ 
class, and this one was, only beiAuse it formerly had a surface supply. 

Sidney, Shelby county, population 5,777. Sidney, the county seat 
of Shelby county, has a number of small industries. It has electric lights 
and a water supply, but no paved streets or sewers. 

Water Supply — The water works were put in by the village in 1874. 
The old plant cost S50,000 and the new one put in in 1889 has cost to 
date $107,500. The first supply was from Mosquito creek. This was 
abandoned in 1889, and water was taken from the Miami river. The 
water was filtered through two Ariierican pressure filters of 225,000 
gallons capacity each and later a New York horizontal pressure filter of 
500,000 gallons capacity was put in. In 1895 wells were drilled and water 
enough to supply the town found. Now these form the sole source of sup- 
ply,' and the creek water is not used at all. though the intake is intact and 
the water could be drawn on in case of emergency. The filters were also 
put out of use as soon as the well supply was developed. The present 
supply is from six wells, 120 feet deep and eight inches in diameter, 
located near the pumping station. The wells Are all artesian and flow at 
the rate of 1,000,000 gallons in 24 hours during favorable seasons and are 
only lowered 10 feet by the pumps. They go through a bed of gravel 20 
feet thick, then strike the Niagara limestone, in which the water is found, 
which is of excellent quality except for its hardness. The water is 
pumped direct irom the wells to a standpipe situated on a hill back of 
town. The two pumps in use are vertical, compound, duplex Gordon 
pumps of 1,500,000 gallons capacity each and put in in 1889. The stand- 
pipe is 25 feet in diameter, 86 feet high and has a capacity of 300,000 
gallons.' It gives a pressure of 70 pounds at the station. 

There are 13 miles of maics in, giving some 90 per cent, of the popu- 
lation access to the water. There are 700 services in, of which 685 are in 
use and 52 of these metered. The average dailv consumption is 600,000 
gallons and the average per consumer is 150 gallons. 

The annual water rates are as loUows : 

Private houses, nine rooms or lees $5 55 

£ach additional room 55 

Private bath tube, each 2 22 

'' water closets, each. ; 2 22 

" stables, one horse and carriage^ 3 33- 
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Meter rates per 1,000 gallone : 

Ooe hundred to 1,000 gallons per day 10 25 

One thonsand and oyer x^lloni per day.. ~ 20 

The tap water is used for domestic purposes whenever available. 
The private water supply is from shallow driven wells. 

Sewerage^There are only tw<^ eewers in town, one from the court 
house and neighboring streets, and one from the local brewery, both ' 
emptying into the Miami river. There are but few connections to the 
sewers, they are used for storm water principally. » 

There is a dam below town, which backs the water up past the sewers 
and prevents the sewage from getting away. At times this causes a 
nuisance. Vaults are not regulated and but few are water-tight. Night 
soil is hauled out on the farms. 
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Report on chemical and bacteriological examinations of 19 

Rain inflaences on...» * 30, 34 

Samples taken from- 35-38 

Tableof analytical resalts^ 44>49 

Diacassion of analytical results- - 90-101 

Plates for- „,.... 61-82: 

Maamee watershed — 
- Map of (inset). 

Territory included in- » 125- 

Drainage of - 12& 

Population on..- 126, 12S- 

Area ol 127 

Pollution of.- - I ISO, 148 

Public water supplies of , 149^ 

Tableof public water supplies of— 164 

Tableof sewage of.-...- ; 165 

Methods of examination (see examinations). 

MonroeTille, Indiana- 136 

MonroeTille, Ohio- 
Water supply of - ., ^ 20T 

Sewerage of 20a 

Montpelier 147 

Water supply of - 159- 

Morenci, Michigan 144 

Napoleon — 

Map of ir 

Analyses of waters from 'S5, 46 

Sewerageof— * 183 

Water supply of - 152: 

NelaoBTille- 

Watersupplyof 244 

Sewerage of - 244 

NUes- 

Water supply of- ;. ♦ 269- 

Sewerageof- 260- 
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Nitrogen as albuminoid ammonia — fags 

Method of determination of^ 4 22 

In Sandasky riyer water «. 83 

In Haumee river water 92 

Nitrogen as free ammonia — 

Method of determination ot 22 

In Sandasky rirer water 84 

In Manmee river wat^^ • 92 

Nitrogen is nitrates — 

Method of determination of.. • 28 

In Sandusky river water 84 

In Maumee river water 93 

Nitrogen as nitrites — 

Method of determination of 23 

In Sandusky river water 84 

In Maumee river water.. 93 

North Turkey Foot creek 132 

Norwalk— 

Water supply of 208 

Sewerage of 209 

Oberlin— 

Water supply of 209 

Sewerage of 210 

Odor- 
Method of determination of 21 

Of Sandusky river water 88 

Of Maumee river water 91 

Ottawa... , 137 

Ottawa liver ...; .'. 140 

(For examination of see Maumee river.) 

Oxygen, dissolved 19 

Method of determination of 24 

Sapenaturation of- 26 

Saturation table 26 

In Sandusky river water 87 

In Maumee river water......... , 92 

Oxygen, required — • 

Method of determination of ..- 22 

In Sandusky river water.... 83 

In Maumee river water... 9l 

Painesville — 

Water supply of 281 

Sewerage of 232 

Paulding 186 

Paulding County Infirmary... 135 

Payne .' 186 

Pcrrysburg 131 
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Physical characters — page 

Of Sandusky riyer water 88 

Of ICaumee riyer water^ 91 

Piqna — 

Water supply oL 212 

Sewerage of :. 212 

Plates— 

Alkalinity ^ 56, 78, 74 

Ammonia, albuminoid ^ 61, 63, 64 

Ammonia, free.. 62, 66, 66 

Bacteria 69, 79, 80 

CUorine^ 66, 71. 72 

Incrusiinic constituents...^ 67, 76^ 76 

Nitrates 64, 69. 70 

Nitrites ^ 63, 67. 68 

Oxygen, dissolyed. 60, 81, 82 

Oxygen, required^... ^. 60, 61, 62 

Solids, total 68, 77, 78 

Discnsuon of- 83—101 

Pollution — 

Of Sandusky watershed 106-111 

Of Maumee watershed c 125-148 

Port Clinton- 
Water supply oL. 228 

Sewerage of 228 

Portsmouth — 

Water supply of- ^ 191 

Sewerageof 192 

Public water suppliea — 

Of Sandusky watershed « 104 

Table of. .'. ^ 128 

Of Maumee watenh^d 149 

Table of. 164 

Beport of in Ohio- .........••••... 167 

Putnam County Infirmary • ^ 188 



Table of. ^ »-32 

Discussion oL 38-35 

Richmond- 
Water supply of— 281 

Ripley— 

Water supply of-. 288 

Sewerageof 284 

Rayenna — 

Water supply of- „ 260 

Sewerage of - «... - 261 

8c Joeeph riyer. 146 

(For examination of see Maumee riyer.) 
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^ . PAOB 

St. Mary riyer.. 147 

(For ezamiiiatioii of see Maamee riyer.) 

St. Mary's., 14« 

Water sapply of.... IfiO 

Samples — 

List of... : 86-38 

Sandusky— 

Map of 12 

Analysesof waters from 85, 42 

Sewerageof 120 

Water sopply of 120 

Sandasky riyer — 

Report on chemical and bacteriological examinations of 19 

Rain inflnencee on.... A 29, 83 

Sampieit taken from 35-38 

Table of analytical results... '. 40-48 

Discussion of analytical results... 88-90 

Plates for.. .^ « 50-60 

Sandusky watershed- 
Map of (inset). 

General features of. 102 

Damson 104 

Pollution of.. 106-111 

Public water supplies of 11 

Table of public water supplies ^ 123 

Tableof sewage of 124 

Sediment — 

Method of determination of .* 21 

In Sandusky riyer water .'. , 88 

In Maumee riyer water.. » 91 

Sewage— 

Of Sandusky watershed (table) « 124 

Of Maamee watershed (Uble) 165 

Sewerage — 

of Akron...... i 248 

Alliance 197 

Ashland.. 286 

AshUbula 221 

Bellaire 184 

Belleyuc 249 

Bridgeport.. 185 

Bui^rus 167 

Cambridge -...,, 199 

Canton.. «» 251 

Cincinnati « , -. 182 

Cireleyille 288 

Cleyeland 228 
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Seweragie — Continued. paob 

of Conneaut.. ..; 225 

Columbus 264 

Crestline.. 106 

Dennison , 201 

Defiance .« 134 

Delphos .....^ '. 142 

East Liverpool 187 

Eaton 266 

Elyria '. 203 

Findlay .' 138 

Fori Wajne 146 

Postoria 206 

Fremont^ : 110 

Gallipolis .•. 230 

Greenfield...: 231 

Greenville .'. 239 

Harrison 266 

^ HiUsboro.. 240 

Ironton 189 

Kenton 242 

Lancaster 243 

Lima 140 

Lisbon.. 207 

Lorain 227 

Massillon 259 

Marietta 191 

Martin's Ferry , r 186 

Monrotfville 208 

Napoleon * 133 

Nelsonville 244 

Niles 260 

Norwalk.. .• .• 209 

Oberlin 210 

Painesville.. 232 

Piqua ..V 212 

Port Clinton 228 

Portsmouth.. 192 

Ravenna... 261 

Ripley.. 284 

Sandusky 120 

Sidney.. 267 

Springfield 246 

Steubenville. 193 

Tiffin .j» 109 

Toledo.* 164 

Toronto 194 

UhrichsTille 201 
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Sewerage — Ck>ncla(led. ' pagx 

of Upper Sandiuky , 10» 

Van Wert 13^ 

Wapskoneta ...•, 136 

Warren 213 

WaQseon * 182 

WellBton 216 

Wellsville ;. 195 

Willoughby 234 

Wooeter 263 

Yoangttown .'. 218 

Zanesville^ 219 

Sidney — 

Water BOpplj of 266 

Sewerage of 267 

Soap Test— 

Unsaiibfactorj for hardness.. 24 

Solids, total- 
Method of determination of. 24 

In- Sandusky river water 87 

In Maumee river water '. - 96 

Loss on ignition 24 

South Tnrkey Foot creek ^ 182 

Springfield — 

Water sopply of.... - 246^ 

Sewerage of 246 

Stations — 

List of ; a 

Location of 20 

Change of looation of 3^ 

Designation of.. 38 

Steabenville — 

Water supply of.. 192^ 

Sewerageof 198 

Stryker 144 

Sycamore — 

Water supply of 109* 

Tables— 

Of analytical results ...~ • 46-49 

Explanation of 38^ 

Tiffin- 
Map of la 

Analyses of waters from.. ^ 86, 40, 42: 

fSewerageof 109- 

Water supply of- 114 

Tiffin river. 148- 
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Toledo — ,FAeB 

Map ol , 18 

Anal j§e8 of waters from...... 35, 46, 48 

Water supply of.. ■, 168 

Sewerage of 164 

Toronto — 

Water Bopply of.. 194 

Sewerage of : 194 

Total solids (see solids, total). 
Turbidity- 
Method of determination of.. 21 

Of Sandusky river water... » 83 

Of Maumee river water. 91 

Uhrichsville — 

Water supply of... .< 199 

Sewerage of 201 

Upper Sandusky — 

Map of 9 

Analyses of waters from 36, 40 

Water supply of 113 

Sewerage oi.. 108 

Van Wert— 

Sewerage of.. 136 

Water supply of... 161 

Van Wert County Infirmary 187 

W ipakoneta^ 

Sewerage of .....Ju » 143 

Water supply of... 161 

Warren- 
Water supilly of... 213 

Sewerage of 215 

Waterloo, Indiana 146 

Water Supply— 

of Akron 247 

Allianee 196 

Ashland 286 

Ashtabula 220 

Attica.. 119 

Bellaire... 183 

Bellevue.. 248 

Blufiton .- '. 166 

Bridgeport 184 

Bryan 167 

Bncyrus Ill 

Cambridge 198 

Canton c 260 

Carey 117 

Cincinnati 178 
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Water 8appl7--Ck>BiiBaed. , paqb 

ofCirolevUle 236 

Cleveland 221 

Colupibus, 262 

Ck>nBeaut ' 224 

Continental 167 

Crertline^ 118 

Defiance 150 

Delphos 168 

Dennison.. .' 199 

£4al Liverpool 186 

Eaton 264 

Elyria^ , ., 202 

Fairport 281 

Findlay 160 

Fostoria.. 203 

Fremont ^ 116 

Oallipolis 229 

Greenfield 230 

Greenville 239 

Harrison w , I 266 

Hicksville 189 

Hilleboro 240 

Ironton 188 

Kenton 241 

Lancaster..... 242 

Lima ;.. 164 

Lisbon 206 

Lorain.. i 226 

Marietta.. 189 

Martin's Ferry 184 

Massillon ..: 268 

Monioeville 207 

Montpelier 169 

Napoleon 162 

Nelsonville 244 

Niles r. 269 

Norwalk 208 

Oberlin 209 

PainesvUle 231 

Piqna 212 

Port Clinton 228 

Portsmouth 191 

Bayenna.. « 260 

Richmond 281 

Bipley 283 

St. Mary's 160 
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Water Bapplj — Goncladed. paov 

of Bandasky 120 

Sidney ^ 266 

Springfield- 245 

SteabenTille 192 

Sycamore. - 109 

Tiffin 114 

. Toledo - 16» 

Toronto IM 

Uhrichsville.- 199 

Upper Sandnaky <... US 

Van Wert.... 161 

WapakoneU 161 

Wanen 213 

Wanseon 162 

WellBton.. 216 

WelUville...v.. 1» 

Willoaghby ^ 234 

Wootter - 261 

YouDgstown 917 

Z«netville , 218 

Water snppliee, sonroetf of — 

Surface water snppliee 111,160,178-220 

Surface and ground- water: '. 164^166, 247 

Subsurface — galleries and wells supplied bj subsurface water 110, 235 

Subsurface and deep-seated 264 

Deep-seated... 206 

Wauseon — 

Sewerage of « 182 

Water supply of 162 

Weather- 
Influences of on samples ^ 83-35 

Wellston— 

Water supply of« 216 

Sewerage of.. 216 

Wellsville— 

Water supply of.. 105 

Sewerage of 106 

West Unity... 144 

Willoughby— v 

Water supply of.-. « 284 

Sewerage of 234 

Woostei^ ' , 

Water supply of 261 

Sewerage of 266 
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YounicBtown — paok 

Water fopply of ; 217 

Sewersgeof 218 

ZanetriUe- 

Water fupplj of... 218 

OBSewerage of 219 
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ERRATA. 



Page 24, liae 4, read eorreetions for canneetiofiB, 

Page 83| line 5, read turHdUy Jor urbidUy. 

Page 86, line 36, read rumors for r«mor. 

Page 88, 4th line from bottom, comma for period. 

Page 88, last line but 1, read om for a. 

Page 89, line 1, read surface for face. 

Page 98, last line, read 8.384 for 8384. 

Page 100, 4th line from bottom, insert "of yovember^* after '*mof^h,*' 

Page 116, 16th line from bottom, River & Qallery read River, Well, and Gallery. 

Page 137, 2l8t line from bottom, drained read dMmmed, 

Page 146, 12th line from bottom, is read are. 

Page 162, 6th line from bottom, fu read fuU, 

Page 154, 10th line from top, 36 read .036. 

Page 162, 11th line from bottom, is six read is lowered six. 

Page 173, 3d line from top, supplies read supplied. 

Page 178, 6th line from top, eupplitd read supplies. 

Page 176, 7th line from bottom, and read as. 

Page 178, Title 1, Subsurface read 1, Surface. 

Page 182, 6th line from top, .87 read .107. 

P9ge 182, 7th line from top, .87 read .087. 

Page 184, 14th line from top, has read have. 

Page 188, 8d line from bottom, 209 read 20.9. 

Page 197, 10th line from bottom, 46 read 4.6. 

Page 199, 4th line from bottom, one of the read the one, 

Pifge 201, 13th line from top, water ye«, well read water, yti well. 

Page 219, i4th line from top, 646 read 64.6. 

Page 228, 18th line from top, 4383 read 438.3. 

Page 227, 10th line from bottom, 84 read 8.4. 

Page 244, 7th line from top, leaJdngs read leachings. 

Page 267, 8th line from top, one read both. 

Page 267, 16th line from bottom, per day for the first 1,000 read for the first 1,000 
gallons per day. 

Page 267, 16th line from bottom, 10 per day read 1,000 per day. 

Page 262, 6 lines, beginning line 17 from bottom, should read : There are Hi 
miles of mains to which some 80 per cent, of the city's population have aeeesf* The average 
daily coneumption per consumer is 220 gallons. This means but litiley as the city water is but 
litUe used for domestic purposes. There are 486 services, of which 367 are tn uee and 128 of 
these metered. 

Page 266, 2d line from bottom, mil be read will toon be. 
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